
UNCLASSIFIED

AD NUMBER
AD007557

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 15 AUG
1952. Other requests shall be referred to
Office of Naval Research, Arlington, VA
22203.

AUTHORITY
ONR ltr dtd 10 Apr 1961; ONR ltr dtd 26
Oct 1977

THIS PAGE IS UNCLASSIFIED



Reproduced 6y,

rmed Services Technical Information Agenc
DOCUMENT SERVICE CENTER

KNOTT BUILDING, DAYTON, 2, OHIO

CONFD ENIA



THE OHIO STATE UNIVERSITY

RESEARCH FOU NDAT iON

CONFIDENTIAL

SEURT INFORMATION



CCNFIDENTIAL ,eport No. 8
NRF 

ProJ. 396U- UI RITY INFORMATION

REPORT

by

THE OHIO STATE UNIVERSITY
RESEARCH FOUNDATION

Columbus 10, Ohio

COOPERATOR: OFFICE OF NAVAL RESEARCH
Contract No. N6onr-22524

INVESTIGATION OF: Research in Nitromonomers and Their
Application to Solid Smokeless

Propellants

SUBJECT OF REPORT: Status Report, for he Period
Feb. 1, 1952 to August 15, 1952

L. Zeldin, L. Friednan, D. Ley, Z. Roberson,
SUBMITTED BY: D. Brain, T. Moritsugu and H. Shechter

RATE: August 15, 1952

This document contains information affecting the National defense
of the United States within the meaning of the Espionage Laws, Title
18, U.S.C., Sections 793 and 794. Its transmission or the revelation
of its contents in any manner to an unauthorized person is prohibitedby law.

lCONFIDENTIAL

SECURITY INFC)RMATION



j N I I "E N I A L
SSEC J RI T Y I MNI.R\ ATI"N

ABSTRACT

1. Reaction of 11,1-trinitroethane and n-butyllithium in benzene
for three hours at 0° occurs very slowly by oxidation-reduction to give
lithium 1,1-dinitroethane in 17.0% conversion; 1,1,1-trinitroethane was
recovered in 38% yield.

2. Reaction of 1,101-trinitroethane and potassium ethoxide in the
presence of benzyl cyanide results in formation of potassium ethyl
2,2-dinitroethyl ether in 89.6% yield. There was no evidence for
elimination-addition involving benzyl cyanide anion to give potassium
3-cyano-l,l-dinitro-3-phenylpropane.

3. An improved procedure has been developed for preparation of
pure 2,2-dinitroethylguanidine 77.7% yield) from 1,1,1-trinitroethane
and guanidine in ethanol at 0-5 . The other products of reaction have
been tentatively identified as guanidine hydronitrite (the major
component) and nitrosoguanidine. A quantitative analytical procedure
for determining the composition of 2,2-dinitroethylguanidine in the
reaction product has been developed based on the ultra-violet absorption
characteristics of pure 2,2-dinitroethylguanidine in ethanol.

4. The x-ray crystallographic properties of N-(2,2-dinitroethyl)-
piperidine prepared by reaction of either (1) piperidine and
1,1,1-trinitroethane, (2) piperidine and trimethylammonium N-(2-
nitroethyl-2-nitronate), or (3) piperidine and 2,2-dinitroethylguanidine
have been determined. As a result of this study it is believed that
the structures assigned to the products obtained from reaction of
1,1,1-trinitroethane with piperidine, trimethylamine, and guanidine
are correct.

5. Reaction of piperidine and 1-bromo-l,1-dinitroethane results
in oxidation-reduction to give piperidinium 1,1-dinitroethane (78%
yield); the other products of reaction have not been identified as yet.
Piperidinium 1,1-dinitroethane was also prepared by reaction of
piperidine and 1,1-dinitroethane (89%).

6. Reaction of methyl iodide and silver 1,1-dinitroethane in
anhydrous acetonitrile at 0-5 results in formation of 2,2-dinitropropane

(13.7%), 1,1-dinitroethane (9.8%), formaldehyde, and a series of
unidentified products.

1. Convenient laboratory procedures have been developed for
preparation of sodium and lithium trimethoxyborohydrides by reaction of
sodium or lithium hydride and trimethylborate in tetrahydrofuran.
Selective reductions of aliphatic nitroaldehydes, ketones, and esters
with sodium trimethoxyborohydride yield the corresponding nitrocarbinols.
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Redutionof 4-methyl-4-nitro-1-pentanal and 5,5-a initro-2-hexanone

with sodium trimethoxyborohydride gave 4-methyl-4-nitro-l-pentanol
(90%) and 5,5-dinitro-2-hexanol (89%); reactions of methyl 4-methyl-
4-nitropentanoate and methyl 4-nitrobutanoate with sodium trimethoxy-
borohydride in ref luxing tetrehydrofuran yield 4-methyl-4-nitro-l-butanol
(92%) and 4-nitro-l-butanol (80%).

Selective reduction of nitro acid chlorides with sodium
trimethoxyborohydride results in formation of nitroalaehydes. Reduction
of p-nitrobenzoyl chloride, 4-methyl-4-nitropentanoyl chloride,
414-dinitropentanoyl chloride, 4-nitropentanoyl chloride, and
4-nitrobutanoyl chloride with sodium trimethoxyborohydride gave
p-nitrobenzaldehyde (74%), 4.methyl-4-nitropentanal (66%), 4,4-dinitro-
pentanal (72%), 4-nitropentanal (63%), and 4-nitrobutanal (36%),
respectively.

8. 2-Methyl-l-nitropropene may be reduced to 2-methyl-l-
nitropropane by reaction with sodium trimethoxyborohydride or with
lithium borohydride in 63.4% and 48.4% yields,, respectively. Selective
reaction of 2-nitro-2-butyl acetate with lithium borohydride or sodium
trimethoxyborohydride yields 2-nitro-l-butanol and ethanol; no
2-methyl-l-nitropropane was obtained from these reactions.

9. 2-Methyl-1-nitropropane (70%), 1-nitropentane (39%),
3-methyl-l-nitrobutane (61%) and 3,3-dimethyl-1-nitrobutane (23%)
were prepared by reaction of' silver nitrite with 1-iodo..2-methylpropane,
1-bromopentane, 1-bromo-3-methylbutane and l-bromo-30 -dimethylbutane,
respectively. Oxidative-nitration of 2-methyl-l-nitropropane,
1-nitropentane, 3-methyl-1-nitrobutane, 3, 3-dimethyl-l-nitrobutane, and
cyclohexylnitromethane gave 1, 1-dinitro-2-methylpropane (55%),
1, 1-dinitropentane (75%), 1, l-dinitro.3-methylbutene (61%) 3,3-dimethyl-
3,3-dinitrobutane (43%), and cyclohexyldinitromethane (65%j.'

10. The ionization constants of a series of 1.,1-dinitroalkanes have
been determined with improved techniques at 25 ! 0.10C in 17.8 t o.1%
methanol-water and 44.25 1 0.15% methanol-water. The ionization data
obtained in the tw9 solvent systems are: 1,1-dinitropropane,
Ka2.2 t 0.2 x 10-0 Ka 6.2 t 0.1 x 10'7; 61.,1-dinitrobuatane,

Ka 3,5 t 0.05 x 10-6,P a 1.*2 ± 0.05 x 10- ) 1,1-dinitropentane,
Ka 3.0 t0.05 x 106 Ka 1.2 ± 0.1 x 10-6, 1 1-dinitro-24mothylpropane,

Ka 1. o.01 x l0-7, K. 3.8 + 0. 2 10 2-dmel l-,l-dinitro-tbtae
propane, K. 5.6 t 0.05 x 104, Ka 1.7 x~lO y-iir--ohluae
K8 2.1 1 0.1 x 106,1 Ka 8.9 ± 0.05 x 10-7; phenyldinitromethane,
Ka 4.8 t 0.2 x 10-5, Ka 1.6 x 10-5; cyclohexyldinitromethane,
Ka 4.5 t 0.1 x 10-.81 Ka 4.1 ± 0.1 x 10-8 and 3,3-dimethyl-l,l-dinitrobutane,
Ka (44.25% MeOH) 2.8 t 0.05 x lo-6.
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The ultra-violet absorption spectra and the solubilities in water
of the potassium salts of 1,1-dinitropentane, 1,l-dimethyl-3-nitrobutane,
3, 3-dimethyl-ll-dinitrobutane, and cyclohexyldinitromethane have been
determined. The effect of the dielectric constants of methanol-water
mixtures on the ionization constants of phenyldinitromethane has been
studied.

11, Reaction of 2-nitropropane and methyl propiolate at 0-250

in the presence of sodium methoxide occurs readily to give methyl
4-methyl-4-nitro-2-pentenoate in 55.4% yield. Addition of 1,1-dinitro-
ethane to methyl propiolate datalyzed by benzyltrimethylammonium
hydroxide yields methyl 4,4-dinitro-2-pentenoate (tentative);
identification of this unstable product is in progress.
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1. PEACTIONS OF 1,1 1 1-TRINITOETAIE WITS n-BUITYL LITBITI41 BENZY-
CYANIDE-POTASSIUt4 ETHOXIDE, MUD GUANIDINE; LITHItUd1,1-DINITOETEANE
POTASSIUME ETHY 2,2-DINITERTHYL ETMM, AND 2,2-DINITROETYLOUA IDINE.

The reactions of various bases with 1l,lpl-trinitroethane1 have been
subject to continued investigation in these laboratories. The bases
which have been investigated are: potassium diethylmalonate, potassium
malononitrile,l Potassim acetylacetone, pts.1am 2-propanenitronate,
trimethylamine,9 piperidine, potassium n-butylmercaptan, guanidine,
phenyl magnesium bromide, potassiums cyanide, and n-butyl lithium. The
emphasis in this research is toward developing a synthesis of
1,91-dinitrootbylene or a general reaction leading to carbon-alicylated4 products in accord with the following schematic equation (Equation 1):

-I N02  RI"NO 2
2 IR2---:C + CH3C-NO2 ------ ~R 2 -iC-E 2 -C +

Ao2  B3~ O
3R

N02 + R2 ----'cH

(a) n-Butyllithium! In a6 previous research period 2the reaction
of n-butyllithium with 1,1,1l-trinitroethane was attempted in an effort
to synthesize 1,1-dinitrohexane. The reaction took an alternate
course and reduction of I,1,1-trinitroethane to lithium 1,1-dinitroethane
occurred; the other products of reaction were not determined. Since the
reaction was carried out in anhydrous ethyl ether, it is possible that
(1) the solvent plays an important role in determining whether reaction
occurs by oxidation-reduction or by elimination-addition and (2) lithium
hydroxide (formed by reaction of lithium shot with residual solvent or
atmospheric moisture) and lithium bromide present in the ether solution
may influence the course of reaction. To minimize the effects of these
variables, the reaction of 1j,,l-trinitroethane and n-butyllithium,
was conducted in benzene solution. It was observed that the reaction
is slower than that in ethyl ether solution, but the reaction course is
the same in that oxidation-reduction occurs (Equation 2). After three
hours reaction time, the yield of lithium 1.,1-dinitroethane was only
17.0%; 38.6% of 1.,1,1-trinitroethane was recovered. No further work on
this system is contemplated at present.

CE3 -CE2 -CE2 -CH2 Li + CH3-c(N0 2 )3 -----jCH3 -C(NO2 )2 Li +

[C7CE 2 -c~C2 2(OHO) (2)

CO-NFIDENTIAL
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W Benzyl Cyanide-Potassium Ethoxide: Reaction of the
benzyl cyanide anion and 1,114-trinitroethane has been investigated
as a possible method of synthesis of substituted 1,l-diitroalkanes
(Equation 3).

2CS 5 -FE-CN + CH3-C(NO2 )3 --.-.- >CsH5-CE(CN)-CE2 -C(NO2 ); + N0 +

CeG5 -CH2CN (3)

Benzyl cyanide is an acid of strength comparable to diethyl malonate and
may offer the advantage that the aion exists primarily with the negative
charge on carbon. Similarly, base-catalyzed alkylation reactions have
been frequently reported for benzyl cyanideO

The reaction of benzyl cyanide with 1,1pl-trinitroethane was
investigated It the presence of potassium ethoxide. From the literature
information of the pKA values of benzyl cyanide and ethanol and from the
reactions of benzyl cyanide in the presence of alkali-metal alkoxides,
it can be predicted that the equilibrium position of ethoxide ion and
benzyl cyanide will be in favor of the benzyl cyanide anion (Equation 4).

Cs-Hs CN + C2H5OH F-_----C6H5 -CH2-CN + C2HO" (4)

It was found, however, that the reaction product from 1,1,1-trinitro-
ethane, benzylcyanide, and potassium ethoxide was potassium ethyl
2,2-dinitroethyl ether in89.6 per cent yield (Equation 5), obtained
by elimination-addition uction of the ethoxide ion on 111,-trinitroethane.

2C2H5OK + CHs-C(NO2 )s3-+ C2H 5-O-CH 2-C(NO2 )2K +M1O2 + C2H5OH (5)

Potassium ethyl 2,2-dinitroethyl ether was identified by ultra-violet
and quantitative analyses and by conversion to ethyl 2,2-dinitroethyl
ether. It may thus be concluded that eliminationaddition reactions of
1,1l,-trinitroethane with ethoxide ion occur much more rapidly than
those with benzyl cyanide anion. The reactions of lll-trinitroethane
with potassium benzyl cyanide in tert-butyl alcohol are now being
investigated.

(c) Guanidine: It has been previously reportedlthat reaction of
guanidine iexcess, two equivalents) and trinitroethane in ethanol
results in elimination-addition to give 2,2-dinitroethylguanidine
(Equations 6, 7, and 8).

CC)NFIDENTIAL
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H2 N-C-NH2 + CE3-C(N0 2)3 -. - N-N,+ + [CH 2 :C(N0 2 )21 (6)

I.H2 C(0 2  + H2N-t-N 2 H 2NbTE 2 .HN2  (7)

H2 N-N-CB2 -CH(NO 2 )2 "- H2K-r-*H2 -CH2 -C (NO2 ) (8)

A much improved procedure is now reported for obtaining pure
2,2-dinitroethylguanidine (77,7% yieldl by reaction of guanidine and

1,1,1-trinitroethane in ethanol at 0-5 . A convenient analytical
procedure for determining the concentration of 2,2-dinitroethylguanidine
in the reaction product has been developed based on the ultra-viblet
absorption characteristics of pure 2,2-dinitroethylguanidine in ethanol;
over the range of concentrations studied, the system 2,2-dinitro-
ethylguanidine-ethanol obeys Beer's law.

The products of reaction of 1,1,1-trinitroethane and guanidine,
other than 2,2-dinitroethylguanidine, are believed to be guanidinium
nitrite (the major component) and nitrosoguanidine (tentative).
Efforts to free guanidinium nitrite from nitrosoguanidine have not been
completely successful; the guanidinium nitrite obtained still contained
trace contaminants. An analytical procedure for identifying and
determining the composition of a mixture of guanidinium nitrite and
nitrosoguanidine, based on optical absorption properties, is now being
developed.

2. X-RAY CRYSTALLOGRAPHIC PROPERTIES OF 2,2-DINITROETHYIDUANIDINE AD

N-(2,2-DINITROETHYL)-PIPERIDINE.

Reactions of 11,ll-trinitroethane with piperidine, trimethyl-
amine, and guanidine result in formation of N-(2,2-dinitroethyl)-
piperidine, trimethylammonium-N-(2-nitroethyl-2-nitronate) and
2,2-dinitroethylguanidine respectively. The structures of trimethylnonum-
N-(2-nitroethyl-2-nitronate) and 2,2-dinitroethylguanidine were
demonstrated upon determining that these products undergo exchange with
piperidine to give N-(2,2-dinitroethyl)-piperidine. The proofs of
structures, although definitive, have suffered in that N-(2,2-dinitro-
ethyl)-piperidine, a salt-like product, does not melt sharply (slight
decomposition) and thus comparison of melting points and mixed melting
points of various samples of No(2,2-dinitroethyl)-piperidine are not
completely satisfactory.

In order to compare samples of N-(2,2-dinitroethyl)-piperidine
conclusively, a study of the x-ray powder diffraction characteristics of
these materials has been made (See Experimental). As a result of
this investigation it may be concluded without question that the
structures assigned to the products obtained from reaction of 1,l,1-
trinitroethane with piperldine, trimethylamine andguanidine are correct.

CONFIDEN 1--IAL ic
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3. REACTIONS OF PIPHRIDINE AND 1-BROMO-1. l-DINITROETHANE.

The reactions of various buses with 1-bromo-ll-dinitroethane are
being investigated as methods for the preparation of ll-dinitroethylene
or its addition products, et-substituted 1,1-dinitroethanes.
1-Bromo-lpl-dinitroethane is both electrically and sterically similar
to l,l,-trinitroethane; thus, it is to be expected that these strained
polynitroalkanes should exhibit similar behaviors toward various
bases. The action of bases with 1-bromo-ll-dinitroethane would be
expected to occur by (1) oxidation-reduction resulting in bimolecular
displacement of the bromonium ion (rather than the nitronium ion)
(Equation 9 ) or (2) by elimination-addition resulting in elimination
of hydrogen bromide and formation of 1,1-dlnitroethylene or its
corresponding adducts (Equations 10, 11 and 12). In other investigations5

it has been reported that bases such as hydroxide or bicarbonate ions

R + BrC(N02 )2 -CH 3 . ..-- > HBr + "(0 2 N)2 C-0 3  (9)

R + CH3 -C(NO2) 2Br_..... -B-H + CH2 -C(NO02 )2 Br (10)

CE. 2 -C(N0 2 ) 2 Br -.--- *[Cf 2=C(N0 2 )2] + Br- (11)

+ B--------->+ R-cH2-C(N 2); (12)

or reducing agents such as Iodide ion effect oxidation-reduction of
l-bromo~l,l-dinitroethane *ith formation of salts of 1, 1-dinitroethane
(as in Equation 9).

In the present study, an investigation is being made of the
reactions of piperidine andl-bromo-ll-dinitroethane. It was anticipated
that elimination-addition would occur (Equation 13) in a manner
analogous to that of 1,1,1-trinitroethane. It was found, however, that

2C5 HioNE + CHs-CBr(NO2 )2 .....-- C5HjoN-CH2 -CH(N0 2 )2 + CsH].oN9.HBr (13)

oxidation-reduction involving displacement of bromonium ion occurred
to give the piperidine salt of ll-dinibroethane in excellent yield
(Equation 14); the other products of reaction, as yet, are unidentified.

C!5H1oNE + CH3-CBr(N0 2 )2 CE: 4 CE 14(O2N);CCE + CHOBi3 (14)

Piperidinm 1,l-dinitroethane was identified (tentative) by independent
synthesis from piperiditie and 1,1-dinitroethane ( 89 %); the two
products have similar chemical properties and identical ultra-violet
absorption characteristics (see Experimentls). X-ray crystallographic
studies of these products are now in progress.
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)4. REACTIONS OF SILVER 1 1-DINITEOETHAN WITH ALKYL HALIDES

Reaction of silver salts of acidic nitro compounds with alkyl or
substituted benzyl halides may lead either to earbon or oxygen alkylated
products. Reaction of silver nitroform with methyl iodide gives the
carbon alkylated product, 1,1,1-trinitroothane, in near quantitative
yield;6 substituted benzyl halides are reported to give both carbon
and oxygen alkylated derivatives.7  Be ent investigations with silver
nitroform dissolved in dry acetonitrile indicate that carbon alkylation
of primary elkyl halides is a fairly general reaction in that 1,1,1-
trinitroalkanes are formed in yields up to 65%. Reaction of silver
salts of mononitro compounds with alkyl halides may lead to a mixture
of carbon or oxygen-alkylated products; silver ethyl nitroacetate reacts
with methyl or ethyl iodide to give 22-28% yields of carbon alkylated
productp but the major products are unstable oxygen alkylated deriva-
tives. Other examples of reactions of this type have been reported.10

The action of alkyl halides on salts of acidic 1,1-dinitroalkanes
has been studied by Dudenll and Nef.12  Duden reports that silver
dinitromethane reacts with methyl and ethyl iodide to give only carbon
alkylated products (no yields given). Nef, however, investigated the
actions of methyl and ethyl iodide on silver 1,1-dinitroethane carefully
and concluded that the reaction courses are very complex. The products
formed, when methyl iodide was reacted in the absence of a solvent,

S,,were 2,2-dinitropropane (9.5%), 1,1-dinitroethane (15.2%), ethylnitrolic
acid (6.1%), formaldehyde (odor) and a neutral oil believed to be methyl
ethanenitrolate. The following equations were proposed to explain
formation of the products (Equations 15, 16, 17, 18 and 19):

CH3-C(NO2 )2Ag + CH3I -- )CH3-C(N0 2 )2 -CH3 + AgI (15)

CH3 -C(NO2 )2Ag + CH3 1 -.+ CH3 -C(N0 2 )"NO 2 CH3 + AgI (16)

CH3-C(N.2 ..NO2 3  ------- 4 CH3-C(N02 ):NOH + CH20 (17)

CH3 -C(NO2 )2Ag + CH3-C(NO2 )NO-H -- CHs-CH(N02)2 + CH3-C(NO2 ):NOAg (18)

CH3-C(NO2 )-:NOAg + CH3I-+CH3 C(N 2)N00H 3 + CH31 (19)

The purpose of the present investigation is to study the effects of
temperature and solvents of high dielectric constant (e.g., acetonitrile,
dimethyl formamide) on reactions of alkyl halides and silver salts of
mono and dinitroalkanes in an effort to favor displacements of the
carbon-alkylation type. The system selected for initial study is
methyl iodide and silver 1,1-dinitroethane at 0-50 in anhydrous acetonitrile.
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The reaction products consist of both neutral and acidic components;
separation may be made by alkaline extraction or by chromatographic
qdsorption. The neutral fraction does not crystallize well and thus
was steam-distilled. 2,2-Dinitropropane was obtained in 13.7 per cent
overall yield; however, the handling losses were over 60 per cent.
Efforts are being directed toward improving both the reaction conditions
and the purification procedure. The alkali-soluble components consist
of 1,1-dinitroethane (9.8%), formaldehyde, and a crystalline white
product (very high melting point) as yet unidentified; no ethylnitrolic
acid has been found.

The reactions of silver ll-dinitroethane with allyl, higher
alkyl, and arylalkyl halides will be reported in a subsequent communication.

5. SELECTIVE EUCTION OF ALIPHATIC NITRO ALDERYDES, ETONES, ESTERS

AND ACID CHLORIDES WITH SODItM, TRIMETHOXYBOROIMDRIDE; PREPARATION
OF ALIPHATIC NITRO ALCOHOLS AND ALDEYDES.

It has been previously reporte hat selective reduction of
aliphatic mono and polynitroaldehydes and ketones of all representative
structures may be effected with either aluminum isopropoxide or sodium
borohydride (acidic, neutral, or basic) to give the corresponding mono
or polynitrocarbinols. Similarly, aliphatic nitrocarbinols may be
prepared in excellent yields by select ye reduction of (1) the corresponding
acid chlorides with sodium borohydridefnd (2) the corresponding alkyl
esters with either lithium borohydrideDin refluxing tetrahydrofuran or
lithium aluminum hydride at low temperatures (-80 to -35 0);.b It is now

reported that alihatic mono and polynitro aldehydes, ketones, and
esters are reduced to their corresponding carbinols in excellent yields
by the action of sodium trimethoxyborohydride.

Sodium or lithium trimethoxyborohydride may be prepared conveniently
by reaction of sodium or lithium hydride with trimethylborate17 (Equation 20)

Naff + (CI13O)3B -~Na (CH3O)3BH (20)

in tetrahydrofuran (see Experimental); sodium trimethoxyborohydride may
also be purchased from Metal Hydrides Incorporated. Sodlu* trimethoxy-
borohydride offers advantage over sodium borohydride in that it is much
more soluble in organic solvents, it is a more powerful reducing agent,
and it offers the possibility for controlled reductions involving
transfer of only one hydride Ion.

Reduction of 4-methyl-4-nitro-l-pentanal and 5,5-dinitro-2-hexanone
occurs very rapidly with sodium trimethoxyborohydride at room temperature
to give 4-methyl-4-nitro-l-pentanol (90% yield) and 5,5-dinitro-2-
hexanol (89% yield). These reductions compare favorably with those
with sodium borohydride; use of sodium trimethoxyborohydride may offer
advantage over sodium borohydride in that it is potentially a cheaper
reagent. CONFIDENTIAL
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Sodium trimethoxyborohydride offers advantage over sodiumF

borohydride in that it can be used efficiently for selective reduction
of allphatic nitro esters to tie correspondin nitroalcohols. Reduction
of methyl 4-methyl-4-nitropentenoate and methyl -nitrobutanoste is
effected readily by'sodium trimethoxyborohydride in ref luxing tetra-
hydrofuran to yield 4 -methyl-4-znitro-l-pentanol (92%) and 4-nitro-l-
butanol (80%). The efficiency of reduction of aliphatic nitro esters
with sodium trimethoxyborohydride is comparable to that obtained with
lithium borobydride. Sodium trimethoxyborohydtide may be more feasible
as an industrial reducing agent than lithium borohydride in that it can
possibly be manufactured at a lower cost.

Sodium trimethoxyborohydride has been shown to reduce acid chlorides
of carboxylic acids to aldehydes if only equivalent quantities of reducing
agent are used (Equation 21).17

0
R-6-Cl + NaHB(OCH3 )3 '--->R-CH:O + NaCl + B(00Hg3  (21)

It is now reported that aromatic and representative aibtcmono and
polynitro acid chlorides may be reduced to their corresponding nitro
aldebyd~es by reaction with sodium trimethoxyborohydride in tetrahydofuran
at -40O to -300. Reduction of p-nitrobenzoyl chloride, LI-methyl-4-nitro-
pentanoyl chloride, 4,4-dinitropentanoyl chloride, 4-nitropentanoyl
chloride, and 4-ni-trobutanoyl chloride result in convenient formation

C: of p-nitrobenzaldehydo (74% yield), 4-methyl-4-nitropentanal (66% yield),
4,4-dinitropentanal (72% yield), 4-nitropentanal (63% yield) and
If-nitrobutanal (36% yield). 4-Methyl-4-nitropentanoyl chloride was
obtained in 98 per cent yield by reaction of thionyl chloride and
4-methyl-4-nitropentanoic acid; 4-methyl-4-nitropentanoic acid
(84.5% yield) was prepared by hydrolysis of methyl 4-methyl-1 -nitro-
pentanoate, with ref luxing hydrochloric acid. 4,4-Dinitropentanoyl
chloride is formed in 88 per cent yield from 4,4-dinitropentanoic acid
and thionyl chloride. 4-Nitropentanoic acid (47.5% yield) and
4-nitrobutanoic acid (26% yeld) were prepared by saponification of
methyl 4--Lltropentanoate and methy Ifntutenoate wtcodaq uous-
methanolic sodium hydroxide. 4-Nitrinbutanoyl chloride and 4-nitro-
P entanoyl chloride were obtained by reaction of 4-nitrobutanoic acid and
4-nitropentanoic acid with phosphorus trichloride in .86 per cent and
83 er cent yields, respectively; no appreciable chlorination of the
acidic nitro groups-occurred in these reactions,

6. SELECTIVE -REDtETION OF 2-METEM-1-NIThOPROPENE WITH SODIUM TIMETE0XY-
BOROHYDRIDE; P2THYL-1-NITEPE0PANE,

Sodium trimethoxyborohydride has been found to be an excellent
selective agent for reduction of carbon-carbon double bonds-in conJugated
nitroolef ins. 2-Methyl-l-nitropiopene has been reduced to 2-methyl-l-
nitropropane in 63.4 per cent yield in ethyl ether-tetrahydrofuran at

(9 CONFIDENTIAL
SECURITY INFORMATION,



CONFIDENTIALV SECURITY INFORMAL 0N8.

-5 to 00 (Equations2,; 2-methyl-l-nitropropane may be isolated upon

(CH3)2ccHN o2  + NaHB(OCH) 3---- (CH3)2CH-CENO2Na + (C O),B (22)

(C 3)2CH-CHNO2 fa + H+- (ce 3 )2 CH- 2 No2 + Na+  (23)

acidifying the reduction mixture with urea-acetic acid. The products
of reaction other than 2-methyl-l-nitropropane are unreacted 2-methyl-
1-nitropropene and a high boiling product believed to be 1,3-dinitro-
2,2,4-truetk.pentane, derived by Michael addition of sodium
2-methyl-l-nitropropane to 2-methyl-l-nitropropene (Equation 24).

(Cn3 )2CH-CHN0Na + (CH3 )2 CCHN02---- (CH3 )2 CH-CH(No 2 ) -C (CH3 )2-cHNO2Na

(24)

A study of the effect of temperature (0 to 340) and reaction time
(2 to 20 hours, one Experimental) has shown that the desired addition
reaction proceeds optimally at the lower temperatures and when the
reaction period is not prolonged.

2-Methyl-l-nitropropane was identified by its physical constants,
its infrared spectrum, and by conversion to 2-methyl-l-propanal via

C: the Nef reactionA nd thence to 2-methyl-l-propanal 2,14-dinitrophenyl-
hydrazone.

7. REDUCTION OF 2-METHYL-I-NITROPROPENE WITH LITHIUM BOROHYDRIDE

2-METHYL-l-NITROPROPANE.

Selective reduction of the olefinic double in conjugated nitro-
alkanes may be effected with lithium borohydride in ethl ether-
te rahdrfurany reaction of 2'-methyl-l-nitropropene-with lithium

Tborohydride at -5 to 0' gav 2-methyl-l-nitropropmne In 6.4 per cent
yield (Equations 25 and 26) upon acidification with urea-acetic acid.

4 (c 3)2c:cHN02 + LiBH4  ..... .((c 3 )2C-cH0 ) * BL (25)

((cH3)C-CHNOe 2 ) 4BLi +HAC + 5H2o -- 4(cH3 )2 CH-CH2 NO2 +

LiAc + HsBO3  (26)

It is believed that the yields from these reactions can be greatly
increased upon further experimentation. 2-Methyl-l-nitropropane
was identified by its chemical and physical pronerties, its infrared
spectrum, and by conversion to 2-methylpropanallqnd its 2,4-dinitro-

phenylhydrazone.

C NFIDENTIAL
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Sic ihltimborohydride isc cepr a sodium trimethozyborohydride

per mole of available hydrogen; however, sodium trimethoxyborohydride
has the advantage of either being more readily available commercially
or canl be more easily prepared in the laboratory,

8. EACTION OF 2-NITRO--BT~YL ACETATE WITH LITHIMI BOROBYDRIDE OR
SOflIti TEI14ETOXYBOROEYDIDE; 2-%-ITO4'BIANJOL.

The reactions of 2-nitro-l-butyl acetate with either lithium
borobydride or sodium trimethoxyborohydride have been investigated
as a direct method for preparation of saturated nitroalkanes. It
was deemed possible that either sodium trimethozyborohydride or
lithium borohydride would effect elimination of acetic acid from
2-bitro-l-butyl acetate to 2-nitro-l-butene; subsequent reduction of
2-nitro-l-butene with sodium trimethozyborohydride or lithium
borohydride is expected to yield 2-nitrobutane (Equations 27 and 28).
A reduction sequence of this type would eliminate one step in the
preparation of nitroalkanes from vicinal nitroolcohols since
nitroolefins are usually prepared by elimination of acetic acid

(or its homologs) from vicinal acetoxynitroalkanes.

CH3CH -11(NO )-C2 02C-CS1.o LIBE4  -~CH 3-cH2-C(No 2 )XcU 2+c 3co2H
2. Nan (OCHs

(27)

CH3-CH2-C(N0 2 )-CH 2  1.LB~CH3-CH2-CK(N02)-CH3 (28)
2. NaHB(0Ct3)3

Reaction of 2-nitro-l-butyl acetate with sodium trimethoxyborohydride
or with lithium borohydride at 350 resulted in reduction of the acetate
ester to yield 2-nitro-l-butanol and ethanol; the yields of 2-nitro-l-
butanol ranged from 40 to 60 per cent (Equation 29). No evidence was
obtained for the formation of 2-methyl-l-nitrobutane. It may be concluded

CH3-CE2-CE(N0 2 )-cH2-02C-CE3  1 _ UB4-- 3-C32-CH(NO2)-CHS + CH5-CE20H
2. Na&B(OCH 3 )3

(29)

therefore that neither lithium borohydride nor sodium trimethoxyboro-
hydride are sufficiently strong bases to effect elimination of acetic
acid from 2-nitro-l-butyl acetate and thus normal reduction of the
nitro ester to the nitro alcohol occurs,* Selective-reduction of

( ~ vicinal nitroalkyl esters with lithium borohydride or with sodium

CO)NIFIDEN TIA L
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trimethoxyborohydride will be investigated further in the presence
of strong bases such as metal alkoxide in an effort to effect
reductium salts, eneation by the actonofacti-addition type.

1-NITROPENTANE, 3-METHYL-1-NITROBTJANE, 3, 3-DIM-.H.L-1-.TROBUTANE,

i, I-DINITROPENTANE, I, ImDINITBO-,xTLYT9MANE, 3.3,DIMETHYL-,
3,3-DIN!TROBUTANE AND CYCLOHEXMLINITRaMETHANE._

Highly purified samples of 2-methyl-l-nitrniropgne (70%)Tl-nitropentane (39 P), 3-methyl-l-nitrobutane (61%), and 3,3-

dimethyl-l-uitrobutane (23 %) were prepared by reaction of silver
nitrate with l-iodo-2-methylpropane, l-bromopentane, 1-bromo-3-

methylbutane and lbromo-3,3-dlmethylbutane respectively -Bromo-
3,3-dimethylbutane was obtained by reaction of tert-butyl bromide

with ethylene in the presence of aluminum bromide.9 Oxidative-
nitration of 2-methyl-l-ntropropanept -tropentane 3-methyl-l-
nitrobutanea 3,3-dimethyl-l-nitrobutane, and cyclohexylntromethane
(obtained from Dr. N. Kornblum) in alkaline solution with silver
nitrate and sodium nitrite gave l -dntro-2-methylpropane (o%),
il-danitropenta e (75%)of lpay dnitro-3-methylbutane (61%)
3-dmethyl-3 m-dinstrobutane (43%) and cyclohexyldnitromethane (65%).
The it-d -itroalkanes were purified by recrystallizatoa of their

npotassium salts redeeraton by the action of acetic acid, and
fractional distillation at reung essure under nitrogen. The
highly purified 1,1-dinitroalkanes were characterized by quantitative
and infrared analyses, neutral equivalents., molecular refractions,

and by analysis of their potassium and silver derivatives.

It has previously been reporte efrom this laboratory that
l.l-dinitroalkanes branched in the position exhibit behavior which
is atypical of normal beh-dinitroalkanes in that (w) they are muchweaker acids (2) their ultraviolet absorption spectra become more

similar to those of primary moonitro compounds and () their potassium
salts are much more soluble in water and in methanol. In attempting
to explain the differences in physical properties of normal and
substituted 1,l-dinitroalkane anions, it was suggested that resonance
interaction in unbranched l,l-dinitroalkane anions occurs extensively
with both nitro groups resulting in a coplanar aci-dinitro system,
whereas In lpl-dinitroalkenes which are branched in the alpha position
the steric requirements of the hindering groups are such-'hat the
resonating aci-dinitro system can not become coplanar and thus the
trincipal stabilizing interaction possibly occurs with only one nitro
group. It is thus to be expected that lpl-dinitroelkanes which are
highly branched in the alh position resemble primary mononitro

(9'ONFDENTIAL
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alkanes; secondly, a sounder understanding of the influence of
substituents on the structure of 1,1-dinitroalkane anions may result
in more effective control of carbon and oxygen alkylation reactions
of acidic mono and polynitroalkanes.

In the present investigation the ionization constants of a series
of highl purified 1,1-dinitroalkanes, including 1,l-dinitropentane,
ll-dinitro-3-methylbutane, 3,3-dimethyl-l,1-dinitrobutane, and
cyclohexyldinitromethane, have been determined in methanol (17.8%
and 44.3% by weight) - water at 25.0 ± 0.10. The data now being reported
(Table 1) Yre believed to be more quantitative than that previously
described.

The ionization constants of a series of 1,l-dinitroalkanes in
17.8% methanol and in 44.3% methanol were determined (Table 1) in
order to establish (1) the effect of dielectric nature of the solvent
system on the acid strength of 1,1-dinitroalkanes and (2)the relative
orders of strengths of ,l1-dinitroalkanes in solvent mixtures of
different dielectric constants. It was found throughout this study
that the acid strengths of 1,l-dinitroalkanes were significantly less
in 44.3% methanol than in 17.8% methanol. Similar behavior has been
demonstrated previously with other acid systems; it is now apparent
that pseudo acids of the 1,1-dinitroalkane type parallel the behavior
of other acids in that their ionizationsurerepressed in solvents of
law dielectric constants. 0(A study of the ionization constants of
phenyldinitromethane at 25 as a function of the dielectric constants
of mixtures of methanol and water reveals that the acid strengths of
phenyldinitromethane obey a linear relation over the dielectric
constant range: 59.0 to 71.0 (Table 2); further research is in progress
to determine if this simple relationship exists in solvent systems of
low dielectric constant). Secondly, the relative order of acid-
strengths of the various 1,1-dinitroalkanes in 44.3% methanol parallels
that found in 17.8% methanol; it is thus believed that the apparent
order of acid strengths that have been obtained for the 1,1-dinitro-
alkanes are primarily characteristic of the dinitro acids and not the
particular solvent system.

The results of the present investigation reveal that normal
(unbranched) 1,1-dinitroalkanes such as 1,1-dinitropropane,
1,l-dinitrobutane and ,l-dinitropentane are acids of similar strengths
(Kion 2.2 to 3.5 x 10"). 1,l-Dinitropropane is a slightly weaker
acid than ll-dinitrobutane and 1 1-dinitropentane (it is believed that
the differences observed are realS; the unexpected weaker acid strength
of 1,l-dinitropropane than 1,l-dinitrobutane and ljl-dinitropentane
parallels that for aliphatic carboxylic acids (Kion propionic acid
1.3 x l0-5) Kion butyric acid 1.5 x 10-5 and Kion pentanoic acid
1.5 x 10-5). Since on the basis of the usual inductive effects of
alkyl groups it would be predicted that 1,ll-dinitrobutane and
1,1-dinitropentane would be weaker acids than ll-dinitropropne, it
is suggested that the relatively greater acid strengths of ll-dinitro-

( _ / butane and lpl-dinitropentane arise from their greater sterc require-
ments (B-strain) and en.oW fact Ts ,
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It has also been found that substituents in the beta position,
do not have important effects on the acid strength of 1.,l-dinitro-
alkanes or on the ultra-violet absorption characteristics and the
solubilities of potassium salts of 1,1-dinitroalkanes (Tables 1, 3 and
4), 1, 1-Dinitro- 3-methylbutane and 3, 3-dimethyl-l, 1-dinitrobutane anions
have ionization, ultraviolet, and solubility characteristics which are
similar to those of unbranched 1,1-dinitroalkanes (Tables 1o 3 and 4),
and thus it may be concluded that sterc requirements of substituents
in the beta-position do not hinder normal resonance stabiliaation of
the nitro-nitronate ion.

2,2-Dimethyl-l,1-dinitropropane and 1, l-dinitro-2-methylpropane
give evidence for being "strained" 1,1-dinitroalkanes (Table 1, see
reference 2 for a more complete resume of the evidence). It has now
been established that cyclohexyldinitromethane is a stronger acid
than 2,2-dimethyl-ll-dinitropropane (Table 1); however, it is a weaker
acid than normal ll-dinitroalkanes. It has also been observed that
the ultraviolet and the solubility characteristics of cyclohexyldinitro-
methane anions are intermediate to that observed for normal and highly
hindered 1,1-dinitroalkane anions. The properties of cyclohexyl-
dinitromethane thus appear to be in accord with that expected for the
steric requirements of the cyclohexane ring.

)Table 2

THE EFFECT OF SOLVENT COMPOSITION AND DIELECTRIC CONSTANT ON THE

IONIZATION CONSTANT OF PHENYLDINITROMETHANE AT 25.0 * 0.l°.

ml. MeOR % MeOH Dielectric
in 50 ml. H20 by weight Constant Kion

15 17.58 71.0 4.8 x 10-5

30 29.76 65.5 3.4 x 10-5

40 36.30 62.8 2.5 x 10-5

50 44.00 59.0 1.6 x 1o"5

Albright end Gosting, J. Am. Chem. Soc., 6, 1061 (1949).
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Table 3

EFFECT OF STRUCTURE ON THE ULTRAVIOLET ABSORPTION OF

SUBSTITUTED 1, I-DINITRO ANIONS

Max. 1 Min. 1 Max. 2
Anions  mpd loge mp log E mp loge

CH3-CH2-CH2 -CH2-C(NO2)9 384 4.18 3o4 2.94 227 3.84

(CH3 )2 CH-CH2 -C(NO 2 )i 384 4.12 304 2.81 229 3.79
(CH3 )3C-C12 -C(NO2 ); 384 4.14 306 2.83 228-9 3.88

CeHll-C(N02 ); 386 3.95 304 2.94 232 3.95

a. The solutions were prepared by dissolving potassium salts
of the 1,1-dinitroalkanes in 1.0 x i0- N sodium hydroxide.
The concentrations of all salts of ll-dinitroanions were
1.000 x 10- 4 molar.

Table 4

SOLUBILITIES OF POTASSIUM 1,1-DINITOALKANES

Compound Solubility Temp.
Potassium salt of in water 0C.

1,1-Dinitropentane 1 part in 36 25

l,1-Dinitro-3-methylbutane 1 part in 6.0 26
3, 3-Dimethyl-lp l-dinitro-

butane 1 part in 15.3 32

Cyclohexyldinitromethane 1 part in 34.3 24
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11. BASE-CATALYZED ADDITION REACTIONS OF 2-NITROPROPANE AND
II-DINITROE'IS PNE WITH METHYL PROPOLATE;

The base-catalyzed reactions of acidic mono and dinitroalkanes
with methyl propiolate are being studied as new Michael systems which
may be of value in the nitropolymer program. Addition of alpjh1!-pm eg
dinitro or polynitroalkanes to methyl propiblate should lead to a series of
difunctional intermediates which may be of particular value in the
synthesis of solid propellants.

Methyl propiolatehas been prepared in 60 per cent yield by
esterification of propiolic acid with methanol in sulfuric acid at room
temperature. Propiolic acid (32% yield) was obtained by decarboxylation
of potassium acid acetylenedicarboxylate in warm water and subsequent
acidification of the reaction mixturel Acetylenedicarboxylic acid was
synthesized by the following sequence: (1) bromination of fumaric acid
to give 2,3-dibromosuccinic acidand (2) dehydrohalogenation of
2,3-dibromosuccinic acid with refluxing aqueous potassium hydroxide.2

Reaction of 2-nitropropane and methyl propiolate at 0 to 250 in
the presence of sodium methoxide occurred readily to give methyl
4-methyl-4-nitro-2-pentenoate in 55.4 per cent yield (Equation 30).
Methyl 4-methyl-4-nitro-2-pentenoate is a stable oily liquid which was

(C 3 )2 cH-No 2 + CH9c-co 2CH3 c9oNa (CH3 )2(N02)-'CH-CH-C02CH3 (30)

identified by its chemical properties, infrared spectrum, and
quantitative analysis.

Reaction of 11-dinitroethane and methyl propiolate has been
investigated in the presence of benzyltrimethylammonium hydroxide.
Addition occurs very rapidly to give presumably methyl 41 ,4-dinitro-
2-pentenoate (Equation 31); the addition is exothermic and, unless

CH3 -CE(N02 )2 + CH2 :CH-CO2CH3 • NaM-_ CH3-C(N02 )2 -CH-CH-CO2 CH3  (31)

the initial reaction mixture is cooled sufficiently: fume-offs may occur.
The crude adduct is a liquid which is thermally unstable, and as yet all
efforts to effect its purification by distillation or crystallization
have been unsuccessful. Further attempts to purify and characterize this
reaction product are now in progress.

Future research in this area will include a study of the reactions
of nitromethaney nitroethane, dinitromethane and trinitroethane
with methyl propiolate.
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12. REACTION OF METHYL MAGNESIUM IODIDE AND 2-METHYL-1-NITO-
PROPEIE AND REDUCTIVE DIMERIZATION; 2,2-DIMETHYL-l-NITRO-
PROPANE AND 1,4-DINITRO-2,2,3 ,-TEBAMEHLBUTANE.

It has been previously reportedl 2'15 that reaction of methyl
magnesium iodide and 2-methyl-l-nitropropene yields, in addition to
2,2-dimethyl-l-nitropropane (Equation 32), l,4-dinitro-2,2, 3, 3-tetra-
methylbutane (Equation 33).

1. CH3MgI(CH3 )2C(CHNO2  (cH3 ) 3 -CH2No2  (32)
2. H20

2(CH 3 )2C:CHN02 + 2H. 1. CH3MgI• ~ ~ 0 2NCE2-c(CH3)2-C (CH3)2-CH2N~o2 (33)
2. H2 0

In an effort to gain information concerning the nature of the reductive-
dimerization processt a study has been initiated of the effects of
temperature and time on reactions of 2-methyl-l-nitropropene and
methyl magnesium iodide. The results of the recent studies are summarized
in Table 5. In general, low temperatures and long reaction periods
hinder reductive-dimerization of 2-methyl-l-nitropropene; during long
reaction periods and, in particular, at the lower temperatures, a
third product (a high-melting, white, crystalline solid), as yet
unidentified (see Experimental, no nitro groups are present in the
product), has been isolated. Further results of this study will be
reported in subsequent communications from this laboratory.

Table V

REACTION OF 24ETHYL-l-NITROROPENE AND METHYL MAGNESIUM IODIDE

Yield, %
Reaction Time, Temp., 2,2-Dimethyl- I,4-Dinitro-2,2,3,3- Solid

Hrs. 0 1-Nitropropane tetramethylbutane

0.25 0 40.4 6.2 0.0

3.0 0 37.7 1.9 4.5
3.0 -25 48.2 2.4 7.1

3.5 -65 35.0 1.3 8.4

* Unidentified, described in experimental section.
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EXPERIMENTAL 17.

1. REACTION OF N-BUTYLLITHIUM WITH IxIl-TRINITROETHANE IN BENZENE;
LITHIL M 1 lDINITROETHANE.

(a) Preparation of n-butyllithium: A Grignard flask (500 ml.)
fitted with a nitrogen inlet tube, a stirrer and a dropping funnel was
flamed out and allowed to cool in a dry nitrogen atmosphere. The flask
was charged with lithium shot (4.5 g. ca. 0.6 gm. atom) and dry benzene
(100 ml.). n-Butyl bromide (34.3 g., 0.30 mole) in benzene (100 ml.)
was added slowly at room temperature until reaction began. The mixture
was then cooled in an ice-water bath while the remaining bromide was
added (30 min..). The mixture was stirred for another hour, then was
transferred, under nitrogen pressure, into a dry centrifuge bottle. The
suspension was centrifuged at 1900 r.p.m. for 15 minutes; the clear
supernatant liquid was then transferred, under nitrogen pressure, into
a dry, nitrogen-flushed reaction flask.

(b) Reaction with 1,1 1-trinitroethane: A solution of 1,11-
triunitroethane (16.5 g , 0.10 mole) in dry benzene (40 mi.) wag added
dropwise (2 hours) to the stirred n-butyllithium solution at 5 . After
the pale-red reaction mixture had been stirred for another hour, water
was added to decompose the excess n-butyllithium and to dissolve the
salt products. The benzene layer was extracted several times with
water, the aqueous layers being collected in a 1-liter volumetric
flask. The flask was filled to volume with water; this solution at
maximum theoretical concentration is 0.100 M lithium il-dinitroethne.
For ultraviolet analysis, the solution was diluted 1:1000 with water;
three separate samples of this concentrat4on were prepared and analyzed.
For comparison, two samples of 1.00 x 10-4 M potassium 1,1-dinitroethane
(in 1O-3 N sodium hydroxide) were also analyzed. The results follow:

(I) Potassium 1,1-dinitroethane

Sample Maximum(mp ) Emax k cd ma

1 381 1.65 16500
2 381 1.62 16200

Average 16350 (± 150)

(II) Unknown (lithium 1,1-dinitroethane)

Sample Maximum (m p ) E max d (cm) cm kd

1 381 0.277 1.00 1.69 x 1O-5 m
2 378-381 0.283 1.005 1.72 x lO5 m
3 381 0.278 1.00 1.7o a lo5 m

Average 1.70 ±0-.01 x 10-SM

C C) N FID E NT IL -
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Therefore1%h, conversion of ll,l-trinitroethane to lithium 1,01-
dinitroethane was 17.0% (t 0.1%).

The benzene layer was evaporated nearly to dryness. Petroleum
solvent was added and, on continued evaporationt white crystals of
1,1,1-trinitroethane separated. The crystals were filtered and the
filtrate again evaporated etc., until no more crystals were obtained.
A residual oil (ca. 2 ml.) was discarded. The recovery of
1,111-trinitroethane was 6.37 g. (0.0386 mole w 38.6% recovery).

2. PEACTION OF GUANIDINE WITH 1, 11-TRINITROETANE (IMPOVED PROCEDUBE)

A solution of guanidine (ca.p.20 mole) in absolute alcohol was
prepared as previously described. The guanidine-alcohol solution was
stirred at 0-5O while 1,ll,-trinitroethne (8.25 g., 0.05 mole) in absolute
ethanol (40 ml.) was added dropwise (70 minutes). When the addition had
been almost completed,a yellow precipitate of 2,2-dinitroethyl-guanidine
separated from solution. The solution was stirred at room temperature
for 16 hours. The mixture was then stirred in an ice-water bath for
45 minutes and filtered. The yellow-orange salt was washed with absolute
alcohol, alcohol-ether, and ether, and sucked dry. The yield of salt
was 7.24 g.

The filtrate was evaporated to about half its volume, and additional
yellow-orange salt (0.61 g.) was recovered. On continued evaporation
of the filtrate, a final 2.11 g. of orange salt was obtained. The

ptotal yield of crude product was 9.96 g; the 2,2-dinitroethylrguanidine
content of this salt was determined by ultraviolet analysis. A
carefully purified sample of 2,2-dinitroethyl-guanidine, made up to
concentrations of 1.00 x l0-4, 5.00 x 10-5 and 1.00 x 10-5 M (two
samples at each conc. in ten-fold excess of base) was used as the
standard; the average value found for the molecular extinction coefficient
(k) at 364-5 m;4 was 16230 (+ 50). Over the range of concentrations
studied, the compound obeyed Beer's Law. Analysis of two samples of
each unknown salt fraction gave the following results:

[ - 4 5MJ_ % Product Weight

Salt Fraction El4..5 O" d(cm) c : 4 x 10 of Product

1 (7.24 g.) 1.32 1.00 0.812 x 10- 4

1.32 1.005 0.809 x 10-4 81.0 0.3% 5.86 g.

2 (0.61 g.) 0.98 1.00 0.604 x 0- 4  60.1 o.3% 0.37 g.
0.97 1.00 0.598 x 106%

3 (2.11 g.) 0,486 1.00 0.299 x 10-4  29.8 ± 0.3% 0.65 g.
o.484 1.00 0.298 x 10-0

The total yield of 2,2-dinitroethyltguaenidine, therefore, is 6,99 g.) (77.7%).. On the basis of the proposed reaction equation (see Discussion),
the remaining material should be guanidinium nitrite. To verify this,

C )NVI!DENTIAL
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Vat Of fraction 3 (1.00 g.) was purified. On heating this material
with absolute ethanol (50 ml.), 0.14 g. of insoluble 2,2-dinitroethyl-
guanidine was recovered. Evaporation of the filtrate gave 0.86 g. of
a yellow salt mixture (containing ca. 0.16 g. of 2,2-dinitroethyl-
guanidine) melting at 62-128o (evolution of gas at the higher temperature).
This salt was again treated with hot absolute ethanol (25 ml.); the
nitrite salt obtained weighed 0.81 g. and melted at 109-1320 (evolution
of gas, dec.). This salt was very soluble in water, soluble in ethanol
and insoluble in ether. The melting range indicates that a mixture is
present, probably of guanidinium nitrite and nitrosoguanidine (and a
small amount of alkylaton product). Guanidinium nitrite melts at
76-78.50 (dec. at 120°1 whereas nitrosoguanidine explodes at 1650.25

The salt product gave the following tests: (I) Liebermann
nitrosamine test - positive, verifying the presence of either a nitros-
amine group or a nitrite; (II) addition of concentrated sulfuric acid -
gas and heat were evolved indicating the presence canitrite group and
possible absence of the nitrosamine group (nitrosoguanidine explodes
on contact with concentrated sulfuric acid); (III) iodine was liberated
from an acidified sodium iodide solution (nitrite); (IV) addition of
ferrous ammonium sulfate and sodium hydroxide - the filtrate slowly
turned blue. The color persisted after 1.5 hours (nitrosoguanidine gives
a non-persistent fuchsin color). Further purification and analysis of
this salt are still in progress.

3. DETERMINATION OF X-RAY POWDER DIFFRACTION DATA FOR 2,2-DINITROETHYL

VGUANIDINE AND N- (2,2-DINITROETrIL)-PIPEIDINE.

X-ray powder diffraction data were obtained for two samples of
2,2-dinitroethyl-guanidine and three samples of N-(2,2-dinitroethyl)-
piperidine. The data verifies the structure assigned to both compounds.
The instrument used for this analysis was a North American-Phillips
X-ray Diffraction Camera, Model 500la; chromium radiation (vanadium
filter, Cr, KQ( a 2.2850A9 was employed for 19-20 hours at 32 kilovolts
and 9-10 milliamperes. The values for d found are tabulated below:

a The project is indebted to Dr. Michael Hock and the Cryogenic

Laboratory of The Ohio State University for their assistance in obtaining
the data tabulated herein
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2.2-Dinitr oethyFlruanidine N-(2,2-dinitroethyl) -piperidine

Sample Sample 2 ample Sample 2e Sample

(Relative )hdintensity) d d d d

2.095 (w) 2.101 (w) 2.037 (ww) 2.041 (WW) 2.059 (ww)
2.467 (WW) 2.467 (WW) 2.286 (W) 2.286 (W) 2.291 (W)
2.583 (WW) 2.578 (Ww) 2.358 (WW) 2.358 (WW) 2.358 (WW)
2.691 (WW) 2.688 (WW) 2.419 (ww) 2.422 (W) 2.421 (WW)
3.047 (SS) 3.048 (ss) 2.515 (w) 2.510 (w)
3.420 (S) 3.423 (S) 2.525 (M) 2.627 (M) 2.627 (M)
3.700 (S) 3.741 (s) 2.891 (W) 2.888 (W) 2.893 (W)
3.768 (S) 2.951 (W) 2.951 (W) 2.954 (W)
3.831 (S) 3.855 (S) 3.000 (W) 3.000 (W) 2.999 (W)
4.937 (S) 4.970 (M) 3.160 (W) 3.162 (W) 3.161 (w)
6.152 (S) 6.202 (S) 3.229 (M) 3.220 (M) 3.296 (M)

3.338 (Ww) 3.344 (ww) - - -
No back reflection 3.442 (M) 3.454 (M) 3.437 (M)

3.611 (W) 3.604 (W) 3.612 (W)
3.674 (w) 3.662 (w) 3.674 (w)
3.942 (ss) 3.942 (ss) 3.934 (S
4.120 (w) 4.120 (w) 4.117 (W
4.459 (S) 4.468 (S) 4.461 (S)
4.652 (M) 4.663 (M) 4.644 (M)
4.841 (s) 4.841 (s) 4.853 (s)
5.519 (M) 5.522 (M) 5.477 (M)
5.963 (WW) 5.935 (WW) - - -
6.142 (ww) 6.152 (ww) 6.142 (ww)
7.896 (S) 7.896 (S) 7.868 (s)
9.723 (W) 9.649 (WW) 9.707 (WW)

11.346 (w) 11.346 (ww) 11.463 (WW)

Back reflection - 2.625 (WW) 2.634 (WW) 2.629 (wW)

b. Prepared by the interaction of guanidine and trimethylammonium-N-

(2-nitroethyl-2-nitronate).

c. Prepared fron guanidine and 1,1,1-trinitroethane.

d. Prepared from piperidine and li1,-trinitroethane.

e. Prepared from piperfline, formaldehyde and dinitromethane.

f. Prepared by the interaction of piperidine and trimethylammonium-W
(2-nitroethyl-2-nitronate).

g. Calculated from ^Cr : 2.2850 A : 2d sin 9 .

h. Relative intensity is based upon the strongest line being labelled (SS)
and the weakest lines being labelled (WW),

i. These lines are intense and very close together; in sample 2, they couldo t e r s l e . C C .N F I C E N T ICONFTYIN MTIAL
SECU RITY INFORMATION
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PREPARATION OF POTASSIMJ ETHY 2,2-DINITOETEYL ETE;

Benzyl cyanide (14.5 g., 0.124 mole) in absolute ethanol (65 mi.)

was added rapidly to a stirred solution of potassium (4.7 g., 0.12 mole)
in absolute ethanol (200 ml.). A solution of ll,,l-trinitroethane (8.25 g.,
0.0050 mole) in absolute ethanol (30 ml.) was added at a rapid rate
(10 minutes) to the mixture of benzyl cyanide and potassium ethoxide in
ethanol. The mixture turned red., a precipitate formed and the temperature
rose from 180 to 260 . When the addition was completed, the temperature
fell to 200 . The mixture was stirred for one hour at room temperature and

then cooled to 5Q. The orange salt was filtered, washed with absolute

ethanol, ethanol-ether and ether, and sucked dry. The yield of product
was 13.15 g. On exposure to air, the salt turned red in color. The
product was dried to constant weight (13.11 g.) in a vacuum desiccator.

The crude salt (1.00 g.) was recrystallized from a warm solution of
methanol (1.2 ml.) and water (0.7 ml.) a yellow crystalline product of
long yellow needles (0.50 g., long needles) was recovered, m.p. 134-1360
(dec.). The infrared spectrum of this salt revealed the absence of a
nitrile group (no absorption in the region 4-5M ). The ultraviolet
spectrum, indicated that the salt was not potassium 1,1-dinitroethane
(absorption maximum at 365 mp instead of at 380-381 mp ). It was
concluded that 1,1,l-trinitroethane reacted with ethoxide ion (apparently
present in equilibrium with the benzyl cyanide anion) giving potassium
ethyl 2p2-dinitroethyl ether. This was verified by acidification of a
portion of the salt (using acetic acid-urea solution) and distillation to
yield ethyl 2,2-dinitroethyl ether, b.p. 63-700 (2.5-2.7 mm.),
20 20

' 1.4 4 2, d20  1.256; MD (calcd.) 33.76, MRD (found) 34.04; lit.
values, b.p. 1000 (11 m.) Potassium ethyl 2,2-dinitroethyl ether gave
the fellowing analysis:

Calcd. for C4H7N205K: C 23 76- H 3.48; N, 13.86. Found: C, 24.04,
23.-5 H, 3.72, 3.69; N, 14.39, 14.20.

XThe analyst reported that when potassium dichromate was added
to these samples (to prevent formation of carbonates) violent
explosions ensued upon combustion. The values for carbon,
therefore, can only be considered approximate.

The yield of potassium ethyl 2,2-dinitroethyl ether was determined
by comparing the ultraviolet spectrum of the purified salt with that of
the crude salt. The purified salt showed Fma x  x 1.09, 1.10 at 365 mH
(C a 0.650 x 10-4 M); kaverage a 16820. The crude salt (C 2 1.352 x 10-4M)
showed Emax a 1.58 at 365 mp ; kcrude a 11630. Thus, the crude salt

contains 69.1% potassium ethyl 2,2-dinitroethyl ether (or
0.691 x 13.11 g. a 9.06 g.); this represents a yield of 89.6%.

5. REACTION OF PIFUIDINE WITH 1.DEROO-li-DINITROMAKE.

(a) ftraration of 1-bromo-ll-dinitroethane: A modification of
ter Meer's procedure5 a ep .d .Diroethane (12.05 g.. 0.10 mole)

SECURITY INFORMATION
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stirred with water 50 m 0-5 NF a react an aqueous

solution of sodium hydroxide (4.0 g. in 70 ml.). To the cold solution of
sodium 1,1-dinitroethane was added during two hours a solution of bromine
(16.00 g., 0.10 mole) in water (1200 ml.). The resulting reaction mixture
was pale-yellowj and a small pool of colorless oil settled to the bottom.
The organic matter was extracted with methylene chloride, the extracts
dried with calcium chloride and the solvent removed under vacuum. The
pale-yellow, lachrymatory oil remaining was 1-bromo-l,1-dinitroethane

(13.9 g., 70% yield); this was immediately used without further purification.

(b) Reaction with piperidine: Piperidine (13.0 g., 0.15 mole) in

anhydrous ether (40 ml.) was stirred in an ice-water bath while 1-bromo-

ll-dinitroethane (13.9 g. of crude material, 0.070 mole) in bbsolute
ether (40 ml.) was added dropwise (1 hour). A salt precipitated during the

addition. This was filtered and 20.7 g. of crude, orange-yellow product

was recovered. The ultraviolet spectrum of this crude material showed
a maximum at 380 mp and a minimum at 300 mp . This is indicative of
piperidinium 1,1-dinitroethane rather than of N-(2,2-dinitroethyl)-
piperidine (maximum at 365 m ), the other possible product. The weight

of sample taken was 0.0369 g. (in 1 1. of i0-3 M sodium hydroxide); since
Emax was observed as 1.60 and k, .DNE is known to be 16350 t 150, the

concentration of piperidinium 1,l-dinitroethane is given by

c 1Dx I 1.60 : 0.974 x i0"4 mole/l.

1650-d 16350.1.005

Therefore, the crude salt contains 54% piperidinium 1,1-dinitroethane
(11.2 g., 78% of the theoretical amount). The crude salt (2.00 g.) was

recrystallized~upon solution in methanol (6.0 ml.) at room temperature, by,.
cooling at 00 for several hours. There were recovered 0.77 g. of orange
crystals (parallelopipeds) melting at l06-l09o; -upon recirystallization
the yellow crystals formed melted at lO6-07° .

An authentic sample of piperidinium 1 1-dinitroethane was prepared
by adding piperidine (i.10 g., 0.0128 mole) to 1,1-dinitroethane (1.54 g.,
0.0128 mole) in methanol at room temperature. Some heat was evolved and
the solution turned yellow; no solid precipitated, even at 00, until
absolute ether was added. The salt product separated as bright-yellow,
minute crystals; the yield was 2.35 g. (89%), m.p. 114.5-I15.50 (dec.).
On admixture with the prepared sample of piperidinium ll-dinitroethene,
a slight depression of melting point (104-1060 (dec.)) was observed.

Both samples were again recrystallized. The prepared sample melted

at l06.5-l07.-5; the authentic sample melted at 114-1150; the mixture
melted at 106-1070. The prepared sample was reacted with silver nitrate
to prepare the silver salt. On analysis, the following result was observed:

Anal. Calcd. for silver 1,1-dinitroethane: Ag, 47.5%.
Found Ag, 44.2%.

The conclusion drawn is that the recrystallized salt is somewhat impure

piperidinium 1,1-dinitroethane.
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6. THE REACTION OF SILVER 1,1-DINITROETM WITH METEYL IODIDE.

Silver 1,1-dinitroethane (45.8 g., 0.20 mole) dissolved in acetonitrile
(250 ml., dried and distilled from phosphorus pentoxide) was stirred in an
ice-water bath while methyl iodide (60 P. 0.43 mole) was slowly added
(one hour). A pale yellow precipitate (silver iodide) was formed.
Stirring at room temperature was continued for two hours. During this
time, a sharp (formaldehyde) odor was detected from the reaction mixture.
The silver iodide was filtered and washed thoroughly with ether. The
filtrate was evaporated under vacuum. The residue was dissolved in ether
and extracted with dilute sodium hydroxide (ca. 0.2 mole); the basic
extract was immediately acidified by pouring into excess dilute sulfuric
acid covered with a leyer of ether.

The acid-free ether solution was dried with calcium chloride and
evaporated under vacuum. The residue, comprised mainly of 2,2-dinitro-
propane, weighed 12.0 g. An attempt was made to purify the oily product
by recrystallization from Skellysolve B. A gummy orange residue (0.7 g.)
remained after dissolution of the bulk of the oil. On evaporation and
freezing, crystals of 2 2-dinitropropane precipitated. On standing at
room temperature (34-35 6 ), however, the crystals melted and dissolved
(some solvent still present; two layers (solvent and product) were
present). Further purification, by means of steam distillation, yielded
a colorless oil which, on standing in a refrigerator, crystallized to a
waxy white solid, This product was practically pure 2,2-dinitro-
propane (3.65 g., 13.6% yield) m.p. 48-520.

The acidic ether extract, after drying with calcium chloride was
also evaporated under vacuum. The yellow residual oil weighed 3.4 g.
This was vacuum distilled to yield impure 1,1-dinitroethane, b.p. 58-61
(4.5 mm.), n20 1.4376i the yield was 2.34 g. (9.8%). Th 0 physical constantsDfor pure 1,1-dinitroethane are: b.p. 55-570 (4-5 mm.), nD 1.4545. On
standing at room temperature for several days, the distilled oil turned red
in color and a minute quantity of white needles precipitated. These
crystals melted at 12811450; the composition of this material is unknown.

7. PFEPARATION OF SODIUM AND LITHIUM TRIMETHOXYB0OP0YDIDES.

Methyl borate (104 g., I mole) was added to a stirred refluxing
mixture of tetrahydrofuran (500 ml.) and the alkali hydride (NaB or LiH,
1 mole) at a rate such that the reflux could be controlled. The alkali
hydride dissolved rapidly. Upon completion of the addition of methyl
borate, the mixture was refluxed for ten minutes. cooled, and then allowed
to settle, After the clear solution had been decanted, tetrahydrofuran
(200 ml.) was added to the residue and the resulting mixture was centrifuged
and decanted. The decantates were combined and the concentration of the
alkali trimethoxyborobydride was determined tttrimetricilly (manometric)
by the method of IKrynitskyj Johnson, and Carhart, Anal.Chem., 20, 311
(1948). The yield of alkali trimethoxyborohydride ranges from 9-90%,
depending on the purity of the alkali hydride used.

CONF IIDEN1iAL
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8. MEUCTION OF ME71M 4-MTBYL-"4NITOPENTANOATE -WITH SODIUM TRIMETEOXY-

BOROHYDRIDEI 4.mY4 -NITRO-- ANOL.

A mixture of methyl 4-methyl-4-nitropentanoate43 g., 0.25 mole)
in tetrahydrofuran (100 ml,) was added to a 1.3 M solution (200 ml.,
0.26 mole) of sodium trimethoxyborohydride in tetrahydrofuran. No reaction
was apparent at room temperature. The mixture was then refluxed for eight
hours, cooled, and hydrolyzed with hydrochloric acid (100 ml., 6 N).
The resulting two layer system was distilled to remove solvents and to
decompose any borate esters that were present. The residue was cooled
and extracted with ethyl ether. The extract was dried over sodium sulfate
and distilled to give 4-methyl-4-nitro-l-p anol (g ., 92% yie d ,
b.p. 83.84U  (0.3 mm.), 19. 1.406, 1 t.11-115 m.) . . 1 07.

9. Pmu TioN op UTHY 4.NIw.oATE wn smTud T l omO T
4-NITEO-l-BTANOL.

By using the preceding procedure for preparing -methyl--nitro-l-
pentanol from methyl 4-methyl--nitropentanoate, methyl 4-nitrobutanoate
(22.6 g., 0.15 mole) was reduced with 1.3 M sodium trimethoxyborohydride
solution (120 ml., 0.156 moles) to give 4-nitro-l-butanol (14.5 g.,
80% yield), b.p. 74-750 (0.5 =.), J 9'.5 1.4509, lit3103.0-103.5o
(2 mm.), 19.6 1.4510.

10. M oUCTI N OF 4-MTHYL-4-NITROPENTANAL WITH SODIUM TEIMEMOIYhORO-
j HYDRIDE, 4-IETUM-4NITRO-l-PENTANOL.

4-Methyl.4-nitropentanal (29 g., 0.2 mole) was added to a tetra-
hydrofuran solution of sodium trimethoxyborohydride (0.7 M, 200 ml.).
A slight exothermic reaction occurred. After one hour the reaction mixture
was decomposed with hydrochloric acid (6 N, 100 ml.) and extracted with
ethyl ether. The ether extract was washed with aqueous sodium carbonate
solution, dried with sodium sulfate, and distilled to give 4-methyl-
4-nitro-l-pentanol (26 g., 90% yield), b.p. 82-830 (0.3 mm.).

11. EEDJTION OF 5,5.DINITRO-2-HEXANOVE WITH SODIUM TRIMETEXYBOBO-
_RM.IDE , 5-DINITRO-2-EXANOL.

By using the previous procedure for reducing 4-methyl-4-nitropentanal
to 4-methyl-4-nitro-l-pentanol, 5,5-dinitro-2-hexanone (19.0 g., 0.10 mole)
was reduced ly 3,5-dinitro-2 exanol (17.0 g., 89% yield, 0b.p. 101-1020
(0.srm.), >'u 1.14631; lit. (0.6 mm.),n 0.O 1.4636.

12. BnoLsis oF mY 4-mE=_ -_NiT oPEmNOATE; 4-ET-YL_4_NiTRo-
,ENTANOIC ACID.

A mixture of metbyl -methyl--nitropentanoate (35 g. 0.2 mole) and
hydrochloric acid (100 ml., 12 N) was refluxed for one hour; the mixture
became homogeneous. Water (50 ml.) was added and the mixture was cooled.
The resulting solution was extracted with ethyl ether, dried with sodium
sulfate, evaporated, and then distilled under reduced pressure, to yield,
after removal of an unidentified forerun 4-methyl-4-nitropen a oic acid
(27 g., 84.5% yield), b.p. l300 (1.0 m.), 1240 (0.6 mm.), n' 1.4515
neut. equiv. calc. 161, n ut.equiv . 1 6o.
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13. PEDtJTION OF P-NITROBENZOYL CHLORIDE. p-NITROBNZALDEME.

Sodin trimethoxyborohydride (14 g., 1.094 moles) in tetrahydrofuran

(100 ml.) was added (15 min.) to a mixture of p-nitrobenzoyl chloride
(19.0 g., 0.1 mole) in tetrahydrofuran at .250. After the addition was
completed, the mixture was kept at .25 for 10 minutes and then allowed
to warm to room temperature. The mixture was poured, with stirring, into
water (700 ml.), and a yellow oil separated which then solidified. The
solid was filtered and recrystallized from ethanol-water to give crude
p-nitrobenzaldehyde (14.5 g.), m.p. 96-970. Further recrystallization of
the product from toluene-ligroin (1:4) gave p-nitrobenzaigehyde (11 g.)
in 74% yield, yellow-white crystals, m.p. 103-104 ° , lit. 1060.

14. PREPARATION OF 4-KET -4-NITROPENTANOYL CHLORIDE.

4-Methyl-4-nitropentanoic acid (18.96 g., 0.118 mole) was added to a
mixture of thionyl chloride (20 ml.) and pyridine (one drop). Gases
were evolved immediately; after the rapid reaction had subsided, the
mixture was refluxed on a steam bath for a few minutes. Subsequent
distillation of the mixture, after removal of the excess thionyl chloride,
yielded 4-methyl-4-nitropentanoyl chleride (19.5 ., 04115 moles, 98%
yield) as a colorless fuming oil, b.p. 950 (6 mm. , 86-7 °  (2 mm.).

15. mmUcTION OF 4-mE=TY-4-NiTROPENTANo CHLORIE; 4-ME L-4-
NITRO.ENTANA.

jA solution of sodium trimethoxyborohydride (15.5 g., 0.121 moles)
in tetrahydrofuran (150 ml.) was added dropwise in 30 minutes to
4-methyl-4-nitropentanoyl chloride (19.5 g., 0.115 mole) in tetrahydro-
furan (150 ml.). The temperature was maintained from -400 to -300 for
20 minutes, and the mixture was then allowed to warm to room temperature.
After hydrochloric acid (100 ml., 3 N) had been added, the mixture was
extracted with ethyl ether. The ether extract was washed with saturated
sodium carbonate solution and dried with sodium sulfate. An aliquot of
the ether solution on treatment with 2,4-dinitrophenylhydrazone-phosphoric
acid solution, gave a hydrazope, which after recrystallization from
ethanol, melted at 133°, lit.130.5-131.0 ° . Evaporation and distillation
of the mixture gave 4-methyl-4-nitropentanal (10.9 g,, 66% yield), b.p.
88-890 (3 mm.), nJ9.5 1.4467, litL.41.4469. The higher boiling fractions,
presumably 4-methyl-4-nitro-l-pentanol and unreduced ester, were not
identified.

16. REPARATION OF 4j4-DINITEOPTANOYL CHLORIDE.

By using the procedure for preparation of 4-methyl-4-nitropentanoyl
chloride, 4,4-dinitropentanoic acid (20.65 g., 0.108 mole) was converted
by thionyl chloride to 4,4-dinitropentanoyl chloride (19.8 g., 88% yield),b.p. 105-1060 (l m.).

17. PMDTTION OF 4,4-DINITROFENTANOYL CHLORIDE;j 44-DINITROPENTANAL.

A solution of sodium trimethoxyborohydride (10 g., 0.0782 mole) in
tetrahydrofuran (100 ml.) was added dropwise to a mixture of 4,4.dinitro-
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pentanoy chloride (15.7 g. 0.075 mole) and tetrahydrofuran (175 ml.)
at -400 . The mixture was maintained at 140 to -300 for 20 minutes and
then allowed to warm to room temperature. The mixture was hydrolyzed
with hydrochloric acid (100 ml., 5N) and then extracted with ethyl ether.
The ether extrat was washed with sodium carbonate solution, dtied with
sodium sulfate, evaporated, and then distilled at reduced pressure to
g9e,414-dinitropentanal (9.5 g., 72% yield), b p. 100-101° (1 mm.),
nl 1.4649, lit.2 7 b.p. 97-97.50 (0.8 mm.), n u i.4650.

D
18. HYDROLYSIS OF METHYL 4-NITROPENTANOATE] 4-NITROPMANOIC ACID.

Methyl 4-nitropentanoate (16.1 g., 0.1 mole) was added with stirring
to a cooled solution of sodium hydroxide (9 g.9 0.225 mole) in methanol
(50 ml.) and water (50 ml.). After one hour, the solution was acidified
with a mixture of phosphoric acid and urea, diluted with water to a volume
of 150 ml., and then evaporated to a volume of 75 ml. to remove methanol.
The residual solution was saturated with sodium chloride and extracted
with ethyl ether. The ether extract was dried over sodium sulfate,
evaporated, and then distilled at reduced pressure to give, after removal
of the forerun (3 g., b.p. 55-9;0 (0.6 mm.)), 4-nitropentanoic acid,
(7 g., 47.5% yield), b.p. 97-98 (0.6 mm.), n- 1.4417; neut. equiv.
calc. 147, neut. equiv. found 145, 144.

19. PREPARATION OF 4-NITROPENTANOYL CHLORIDE FROM 4-NITOPENTANOIC ACID.

Distillation of a reaction mixture of 4-nitropentanoic acid (6.5 g.,
0.044 mole), phosphorus trichloride (10 ml ) and benzene (50 ml.) gave
4-nitropentanoyl chloride (6.0 g.p 83% yieldS as a colorless liquid,b.p. 74-750 (2.0 mm.).

20. REDUCTION OF 4-NITROPE A0YL CHORIDE; 4-NITROENTANAL.

4-Nitropentanoyl chloride (6.0 g 0 .56 mole) upon reduction with
sodium trimethoxyborohydride(5.11 g., 06.04 mole ) in the manner
previously described for the preparation of 4-methyl-4-nitropentanal and
41,4-dinitropentanal, gave 4-nitropentanal (3.0 g., 65% yield) as a
colorless oil, b.p. 790 (3 mm.), n19 "5  1.4454; lit4979-810 (3 mm.),

jv*6 D
n19 "6 1.4455. Reaction of 4-nitropentanal with 2,4-dinitrophenylhydrazone
gv 5 the hydrazone as yellow-orange crystals, m.p. 94-950 from ethanol;lit .396.0-96.5o.

21. HYDROLYSIS OF METHYL 4-NITROBUTANOATE; 4-NITROBUTANOIC ACID.

Upon following the procedure for preparation of 4-nitropentanoic
acid from methyl 4-nitropentanoate, methyl 4-nitrobutanoate was hydrolyzed
to 4-nitrobutanoic acid (4 g.). a colorless liquid in 26% yield,
b.p. 91-920 (0.6 mm.). Analysis of this reaction product is in progress.

22. R UCTION OF 2-MET!L-l-NITROPROPENE WIM SODI TRIMETHoXORO-
HYDRIDE; 2-MET -l-NITROPROPANE.

Procedure 1. A solution of 2-methyl-l-nitropropene (15.2 g., 0.15 mole)

In ethyl ether (25 ml.) was added dopwsue. in 5 Mnuites to a stirred
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suspension or sodium trimethoxyborohydride (21.1 g., 0.15 mole plus
I0% excess) in ethyl ether (125 ml.) and tetrahydrofuran (50 ml.) contained
in a 300 ml., three-necked flask equipped with a stirrer, a dropping
funnel, a thermometer and a drying tube. During addition the reaction
mixture was kept at -2 to -50; after addition was completed the mixture
was stirred for 35 minutes at 00. The mixture was then acidified in one
hour at 00 with urea-acetic acid solution (60 g.). The mixture was
transferred to a separatory funnel and saturated with sodium chloride;
the aqueous layer was separated and extracted with ether (100 ml). The
combined ether extract was washed with saturated sodium bicarbonate
solution (2 x 150 ml.), saturated sodium bisulfite solution (2 x 150 ml.)
and saturated sodium chloride solution (200 ml.). After drying the ether
layer over anhydrous sodium sulfate and removal of the solvent on a steam
bath distillation of the product gave: (a) crude 2-methyl-l-nitropropane
(?694 g., 0.0964 mole, 64.3%) as a light yellow oil, b.p. 55-780 (70 m.),
n l. 410-1.4187; (b) crude 2-methyl-l-nitropropene (1.83 g.), b.p.
6-71° (25 mm.), n2 0 1.4509-1.4619; (c) a brown residue (0.5 g.).X

D
The crude 2-methyl-l-nitropropane was dissolved in ether (150 ml.)

and washed with saturated sodium bisulfite solution (3 x 150 ml., 5
minutes with each portion) to remove contaminating nitroolefin. Distilla-
tion of the product, after drying the ether solution and removing the
ether on a steam bath, gave pure 2-methyl-l-nitropropane in slightly lower
yield, b.p. 69-70.70 (70 mm.), n20 1.4090, d2 0 0.9627; MED (calcd.) 26.33,
MRD(tund) 26.46: lit 2 b.p. 6O9-67.5 ° (6020.), n2 ° 1.4084 d4
lit. b.p. 14o.50 d25 0.9625, n 5 1.4050. D06

.25 D

The structure of 2-methyl-l-nitropropane was proven by its conversion
to 2-methyl-l-propanal via the Nef reaction followed by preparation of
2-methyl-l-propanal 2,4-dinitrophenylhydrazone, mop. 179-1810. The
melting point of the derivative was not depressed when mixed with an
authentic sample, m.p. 179-181° .

An infrared spectrum of the 2-methyl-l-nitropropane (sandwich cell)
contained a strong band for the mononitro (6.4 microns) group and no
bands for a carbonyl group (5,7 microns), a mbnonitro group attached to
an unsaturated carbon atom (6.5 microns) or a carbon-carbon double bond
(6.0 microns).

Procedure 2.. The experiment was conducted as above except after
addition of the 2-methyl-l-nitropropene was completed the mixture was
stirred for 0 minutes at 34o. Distillation of the product gave:
(a) c~ude 2-methyl-l-nitropropane (7.35 g., 0.0713 mole, 47.5%), b.p.
55-78 (70 mm.), 2O ;.4130-1.4196, (b) crude 2-methyl-l-nitropropene
(3.82 g.), b.p. 62-68 (25 mm.), n 0 1.4369-1.4610; (ci unidentified high
boiling material (0.89 g.), b.p.16-90° (0.6 mm.), n2 0 1.4683; (d)
residue (1.2 g.).

Possibly formed by Michael condensations of the 2-methyl-

1-nitropropene and 2-methyl-l-nitropropane.
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r L.. The experiment was coniducted according to procedure 1,

except, after addition of the 2-methyl-l-nitropropene was completed,
the mixture was stirred for 18 hours at + 20. Distillation of the
product gave: (a) crude 2-methyl-l-titropropane (9.08 g., 0.0881 mole,
58.7%), b.p. 55-76.50 (70 mm.), 128 4129"'.4 2; (b) crude 2-methyl-i-
nitropropene (2.79 g.), b.p. 60-710 (24 mm.) n 1 .4355-1.4622; (c)
unidentified high boiling material X (1.21 g. .p. 80-900 (0.6 mm.),
20
%0 1.4637; (d) residue (0.5 g.).

Fraction (c) was redistilled 3 times to give a colorless liquid which
turned yellow in a few hours, b.p. 900 (0.6 mm.), q0 1.4683. Further
identification of this product is in progress.

Atal. (Found) C, 56.20, 56.08; H, 8.38, 8.51; N, 11.82, 11.71

23. REDUCTION OF 2-METHYL-1-NITROPBOPENE WITH LITHIUI4 BoRoHfIlRIDEI
2-MEH-_-NITBOPROPANE.

A solution of lithium borohydride (3.1 g., 0.0125 mole plus 10%
excess) in tetrahydrofuran (15 ml.) and ethyl ether (30 ml.) was added
in small portions to 2-methyl-l-nitropropene (5.05 g., 0.05 mole) in
ethyl ether (10 ml.) contained in a 150 ml., round-bottomed flask equipped
with a reflux condenser. After the initial reaction had subsided, the
reaction mixture was allowed to stand at room temperature for 3 hours and
then refluxed for one hour. The mixture was cooled to 00 and acidified
in 60 minutes with urea-acetic acid solution29 (25 ml.); the temperature
of the mixture was maintained at -3 to -50. The mixture was transferred
to a separatory funnel and ethyl ether (100 ml.) and saturated sodium
bicarbonate (100 ml.) were added. After shaking the mixture vigorously,
the mixture was saturated with sodium chloride; the aqueous phase was
separated and extracted with ethyl ether (100 ml.). The combined
ether extract was dried over anhydrous sodium sulfate, evaporated on a
steam bath, and then distilled to give: (a) crude 2- thyl-l-nitropropane
(2.5 g., 0.0242 mole, 48.4% theory), b.p. 45-730, n~V 1.4137-1.4212,

d20  0 9666 1.17-.21.
d20 0.9666; MRD(calcd.) 26.33, M D (found) 26.61; (b) unidentified20
material (1.08 g.), b.p. 68-890 (7-9 mm.), n

20 1.4402-1.4517.
D

The infrared spectra of the crude 2-methyl-l-nitropropane contained
a weak band for a carbon-carbon double bond (6.0 microns) and a weak band
for a mononitro group attached to an unsaturated carbon atom (6.5 microns);
thus the contaminant is probably 2-methyl-l-nitropropene. The infrared
spectrum of high boiling product (b) contains only a band for the mono-
nitro group (6.4 microns) and is probably a product resulting from the
Michael condensation of 2-methyl-l-nitropropane and 2-methyl-l-nitropropene.

Possibly formed by Michael condensations of the 2-methyl-l-

nitropropene and 2-methyl-l-nitropropane
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24. REACTION OF SODIUM TpIMETHOXy0OROEYDEIDE WITH 2-NITRO-l-BUTYL ACETATE.

A solution of 2-nitro-l-butyl acetate (16.1 g., 0.1 mole) in ethyl
ether (25 ml.) was added dropwise in two hours to a stirred suspension
of sodium trimethoxyborohydride (28.0 g., 0.2 mole plus 10% excess) in
ethyl ether (125 ml.) and tetrahydrofuran (50 ml.) contained in a
300 ml. three-necked flask equipped with a stirrer, a dropping funnel,
a thermometer and a drying tube. During addition the reaction mixture
was kept at 3-40; after addition was complete, the mixture was stirred
for 18 hours at 3-40. The reaction mixture was acidified in one hour
at 00 with urea-acetic acid solution29  (100 g.), transferred to a
separatory funnel, and saturated with sodium chloride- the aqueous
layer was separated and extracted with ethyl ether (100 ml.). The
combined ether extract was washed with saturated sodium bicarbonate
solution (2 x 150 ml,), saturated sodium chloride solution (200 ml.) and
then dried over anhydrous sodium sulfate, Distillation of the product,
after removal of solvent on a steam batb. gave the following fractions
which are mixtures of 2-nitro-l-butanol and 2-nitro-l-butyl acetate:

Fraction Boiling Baugeo C. Pressure Weight n20  % 2-nitro-
D 1-butanol

1 50-66,5 . mm. 0.37 g. 1.4318 49
2 66.5-64 1-0.7 5.26 1.43.59 52
3 64-65 0.7 2.86 1.4347 61
4 65 0.7 0.37 1.4357 71

Residue 0.5

The infrared spectra of fraction 2 (sandwich cell) contained
strong bands for the mononitro group (6.4 microns), the hydroxyl
group (2.9 microns) and the carbonyl group (5.75 microns).

25. RFECTION OF LITHIUM BOROHYDRIDE WITH 2-NITRO-1-BUTYL ACETATE.

A solution of 2-nitro-l-butyl acetate (16.1 g., 0.1 mole) in
ethyl ether (25 ml.) was added dropwise in one hour to a stirred
suspension of lithium borohydride (1.20 g., 0.05 mole plus 10% excess)
in ethyl ether (125 ml.) and tetrahydrofuran (50 ml.) contained in a
300 ml., three-necked flask equipped with a stirrer, a thermometer, a
drying tube and a dropping funnel. During addition the reaction mixture
was kept at 4-50; after addition was complete the mixture was stirred
for 18 hours at 3-40 . The reaction mixture was acidified in one hour
at 00 with urea-acetic solution (40 g.), transferred to a separatory
funnel, and saturated with sodium chloride; the aqueous layer was
separated and extracted with ether (100 ml.). The combined ether
extract was washed with saturated sodium bicarbonate solution
(2 x 150 ml.), saturated sodium chloride solution (200 ml.) and then
dried over anhydrous sodium sulfate, Distillation of the product,
after removal of solvent on a steam bath, gave the following fractions
which are mixtures of 2-nitro-l-butanol and 2-nitrol-l-butyl acetate.

( CC:N FI DN T M 1Lt S-- ~itiFITY I N F," 'R/V\A -K 'N



SEC( IV ~ L,~K~ A 1i i 30.
Fraction Boiling Range Pressure Weight n 1 2-Butanoi

1 45-660 1.3-1.0 mm. 0.10 g• 1.4308 19%
2 66-65.5 1.0-0.8 5.19 1.4359 73
3 65.5-65.o 0.8 4.65 1.4370 85
4 65 0.8 0.53 1.4382 98

An infrared spectrum of fraction 2 (sandwich cell) contained
strong bands for the mononitro group (6.4 microns), the carbonyl
group (5.7 microns) and the hydroxyl group (2.9 microns).

26. PREPARATION OF 3-METHYL-I-NITROBUTA.E.

Silver nitrite (55 g., 0.35 mole, freshly recrystallized from
hot water) was introduced into a 500 ml. round-bottomed three-necked
flask fitted with a condenser, a stirrer and a dropping funnel. The
flask was cooled to 00 and i amyl bromide (50 g., 0.35 mole,
b.p. 119-121 °, nj? 1.4409, d vl.2202; prepared in 80% yield from
reaction of phosphorus tglbromide (1.S mole,) and isoamyl alcohol
(2.0 moles, b.p. 1290, nf 1•4064, d4 0.8157 at -8 to 0O) was added
dropwise in a course of 2 hours with continuous stirring. Stirring
at 00 was continued for an additional 4 hours. The mixture was then
slowly brought to room temperature and left overnight. Then the mixture
was heated on a steam-bath for 4 hours. Ethyl ether (70 ml.) was
added and the mixture refluxed for an additional 2 hours. The insoluble
silver bromide was filtered and washed repeatedly with ether. The
combined ether washings were distilled to give: Fraction 1, 1.7 g.,
b.p. 34-410(12 mm.), r@5 1.4131; Fraction 2, 3.3 g., b.p. 41-480
(12 mm.) , 5 1.4141; Fraction 3, 4.8 g., b.p. 48-540 (12 mm.),
n25 1.4141; Fraction 4, 13.4 g., b.p. 54-580 (12 mm.), n 

5 1.4157;

d 0.965. Fraction 5, pot residue, 0.5 g• All fractions gave negative
aicoholic-silver nitrate tests. Crude product, 23.8 g. (Fractions
1, 2, 3, 4 and 5), 61% yield.

Fraction 4 (13.4 g., b.p. 54-580 (12 amm.), nD 1.4157, dZ0 0.965)
was rectified in a helix-packed colTn (1.5 x 13 cm) to give: Fraction
4a, 2.2 g., b.p. 49-540 (12 mm.), n 1.4135; Fraction 4b, 10.1 g.,
b.p. 55-580 (12mm.), n25 1.4165, d o 0

D 4 0 9590

To fractions 1, 2 and 3 (9.9 g. of impure product, cooled to 00)
was added 96% sulfuric acid (20 ml. precooled at 00) at such a rate
that the temperature did not rise aboit 50. The solution was stirred
for 5 minutes at 00 and then poured onto ice (100 g.) which was
covered with petroleum ether (50 ml., b.p. 30-600) The aqueous layer was
separated and extracted with fresh portions of petroleum ether. The
ether extracts were combined, washed with water and dried over Drierite.
The solvent was removed under reduced pressure. The crude product was

Fractions were a mixture of 2-nitro-1-butanol and 2-nitro-l-9 butyl acetates. .... / \ I
, ... \ T IA
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distilled to give nitroisopentane (3.2 g.), b.p. 54-55' (11 mm.),
n25 .4139, d20 0.9564; lit.'0b.p. 1640 n20 .41806, d2 11 6  0.9599.

To fractions 4a (2.2 g., b.p. 49-540 (12 mm.), n25 1.41 , cooled
to 00) and 4b (10.1 g., b.p. 55-580 (12 mm.), n, 1.4 65, d, 0.9592,
cooled to 0) was added 96% sulfuric acid (30 m ., precooled at 00)
at such a rate that the temperature did not rise above 5°. The solution
was stirred for 5 minutes at 00 and then poured onto ice (150 g.) which
was covered with 50 ml. of petroleum ether (b.p. 30-60o). The
aqueous layer was separated and extracted with fresh portions of
petroleum ether. The ether extracts were combined, washed with water
and dried over Drierite. The solvent was removed under reduced
pressure. The crude product was distilled to gve pure 3-m~thyl-l-
nitrobutane (7.5 g.) b . 54-54.5 d mm.), n 1. 4149, dju 0.9551;

it. 3° b.p. 164, D0.6 1.418M, d °  0.9599.
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3-Methl-l-nftrobutpne (745 g., 0.064 iohAU b.p. %-65 0
(11 Mo) nDl.14149, di ° 0&951) ,to dissolved in methanol (60 ml.)
and ad to ao auebU doaium hydroxide (2.72 g., 97.9% assay in 30 ml.
of water) at 5 . Sodium nitrite (4.77 g., 0.069 mole, 97% assay) was
added and the cold solution was poured rapidly into a stirred mixture
of aqueous silver nitrate (21.76 g., 0.13 mole), aqueous sodium
hydroxide (5%, 1 drop), water (64 ml.) and ether (96 ml.) at 0-50.
After the precipitation of silver was complete, the cooling bath was
removed and the mixture was allowed to stir for 0.5 hour. Saturated
sodium chloride (5 ml.) was added and the mixture was filtered; the
residue from the filtration was washed thoroughly with ethyl ether.
The filtrate was separated and the aqueous layer was washed with ether.
The ether extracts were combined, and, after benzene ( 20 ml.) had been
added, were washed with saturated sodium chloride solution and water
and dried over Drierite. The ether and benzene were distilled under
reduced pressure. The crude dinitroisopentane was distilled under
reduced pres Mre to give: Fraction 1, 1.65 g., b.p. ) °, "
(1.0 mm.), nD 1.4358., d90 1.1558; Fraction 2, 5.70 g., b.p. 450 (i.0 mam.),

D i.436o, dg° 1.1592. Total yield, 7.35 g., 61% theory, Fraction 2
was rectified in a helix-packed column (1.5 x 13 mm,) to give 8ure
1 l-dinitro-5-methylbutane, b.p. 420 (0.75 mm.), n 1.4380, n'. 4360,

d ° 1.1590, M (calcd.) 36.68, MR: (found) 36.66.

Anal. for C5HI1 N2 04: Calcd. C, 37.03; H, 6.22; N, 17.28.
Found. C, 36.98, 57.15; H, 6.33, 6.16;

N, 17,12, 17.-20.

Potassium ll-dinitro-3-methylbutane (0.420 g.o, 87.1% theory)
was obtained as a yellow salt by treating ll-dinitro-3-methylbutane
(0.364 g., 0.0031 mole) in methanol (5 ml.) with methanolic potassium
hydroxide (2 ml.$ 2.5 g.) and washing the filtered product several
times with methanol (the yield of crude salt is lowered on washing with
methanol); dec. range, 145-1610. The solubility of potassium 1,1-
dinitro-3-methylbutane is: 1 part In 6.0 parts of water at 260.

Silver l,1-dinitro-3-methylbutane (0.36 g. 81.8% theory) was
obtained as a water-insoluble yellow solid on mixing aqueous solutions
of potassium ll-dinitro-3.methylbutane (0.308 g., 0.002 mole) and
silver nitrate; dec. range, 145-1559 deposition of a silver mirror.
Analysis of silver was performed by titrating silver ll-dinitro-3-
methylbutane against standardized ammonium thiocyanate using 2 ml. of
ferric ammonium sulfate indicator (prepared by dissolving 100 g. of
salt in 100 ml. of 5 N nitric acid): (1) 0.1124 g. of silver
ll-dinitro-3-methylbutane required 8.14 ml. of 0.05148 N ammonium
thlocyanatej 40.2% Ag., (2) 0.0492 6. of silver 1,l.dinitro-3-methyl-
butane required 3.54 ml. of 0.05148 N ammonium thiocyanate; 40.0% Ago.
Theory, 40.1% Ago. - . ,,.N -+ A,
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28 X 2 ATYE ThATION OF CYCLOMMMLI~TS~aTM: CYCWEEZYL-
. ,DINITR !oUoTEM

(a) Prearation of Cyclohexyldinitromethane. Cyclohexylnitromethane
(7.20 g., 0.050 mole, 1.46350, d 1.0405, nt. 1 b.p. 980 (10 mm.)o
20 1.4688 d 0 1.0473, obtained from Dr. N. Korublum) in methanol

ml.) was slowly mixed with aqueous sodium hydroxide (2.2 g.0 0.55
mole, in 25 .l. water) and the solution was allowed to stand for
10 minutes below 150. Sodium nitrite (3.8 g., 0.55 mole$ 97% assay)
was added and the mixture was cooled in an ice-bath and poured into a
stirred solution of silver nitrate (17.0 g., 0.10 mole, in 50 ml. of
water) and ether (50 ml.) at 50, After 30 minutes the cooling bath
was removed; brine (5 ml.) was added, and the mixture filtered by
suction. The silver deposit was washed liberally with ether; the
ether layer in the filtrate was separatedp and the aqueous layerwashed
with ether. The ether washings were combined, washed with water, brine,
and dried over Drierite. Distillation under reduced pressure (nitrogen
atmosphere) gave crude cyclobexyldinitromethane (6.10 g., 64.9% yield),
Dr) 1.4730, b.p. 82-&o (1.0 mm.)) d4° 1.201.

251470 20
The crude product (b.p. 82-84o (1.0 mm.), d41.473, d4 1.201)

was rectified in a helix-packed column (1.5 x 3 am.) to live pure
cyclohexyldinitromethane: b.p. 840 (l mm.), tD 1.4735, d 0 1.2017.

Anal. for C7H32N2 04 : Calcd: C, 44 670 H 6.43; N, 14.89.
Found: C, 44:87, 41.93; H, 6.69, 6.45;

N, 14.82, 14.98.

(b) Purification of Cyclohexyldinitromethane. Potassium
cyclohexyldinitrownethane was prepared by treating cyclohexyldinitro-
methane in methanol with methanolic potassium hydroxide. This crude
potassium cyclohexyldinitromethane was recrystallized three times from
hot water; dec. range 230-260'.

Potassium cyclohexyldinitromethane (8.03 g., 0.035 mole) was
placed in a 500 ml. flask, fitted with a stirrer, a thermometer and a
condenser. The potassium salt was dissolved in 300 ml. of water and
cooled to 00. With stirring, a solution (pre-cooled to 00) of urea
(5 .1 g, 0.084 mole) dissolved in 20% aqueous acetic acid (3.0 g.,
0.10 mole acid) was added (by means of a medicine dropper) over a
period of 20 minutes. The two phase system thus produced was extracted
with petroleum ether (3 x 50 ml.) and the extracts combined, dried over
Drierite and distilled under reduced pressure in an atmosphere of
nitrogen to give cyclohexyldinitromethane: 5.4 g.* b.p. 800 (0.7mm.),
nU° 1.4765., 4 0 1.2112, M%(calcd). 43.86, R (found) 44.79.

Potassium cyclohexyldinitromethane (1.12 g., 93.3% of theory) was
obtained as a yellow salt by treating cyclohexyldinitromethane
(0.76 g.# 0.0053 mole) in methanol (3 ml.) with methanolic potassium
hydroxide (2 ml., 2.9 g.) and washing the filtered product several
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with methanol; recrystallization from hot water; dec range, 230-2600.

The solubility of potassium cyclohoxyldinitromethane is 1 part in 34.3
parts of water at 240.

Silver cyclohexyldinitromethane (0,616 g., 95.1% theory) was
obtained as a water-insoluble yellow solid on mixing aqueous solutions

of potassium cyclohexyldinitromethane (0.497 g.)and silver nitrate;

dec. range 112-1200, initial deposition of a silver mirror. The
following analyses of silver cyclohexyldinitromethane were obtained:
(1) 0.0814 g. of silver cyclohexyldinitromethane required 5.32 ml. of
0.05148 N ammonium thiocyanate; Ag 36.3%, (2) 0.0917 g. of silver
cyclohexyldinitromethane required 5.98 m1. of 0.05148 N ammonium
thiocyanate; Ag 36.2%. Theory, Ag 36.6%*.

29. PREPARATION OF 1.NITROPENTANE.

Silver nitrite (55 g. 0.35 mole# freshly recrystallized from
hot water) was introduced into a 500 ml. round-bottomed three-necked
flask fitted with a condenser, a stirrer and dropping funnel. The
flask was cooled at 0 and n-amy bromide (50 g. 0.35 mole, Columbia
Organic Chemicals, n 5 1.4421, d 1.2164) was added dropwise in the
course of 2 hours with stirring. Stirring at 00 was continued for an
additional 4 hours. The mixture was then slowly brought to room
temperature and left overnight. The mixture was then heated on a steam-
bath for 4 hours. Ethyl ether (75 ml.) was added to the mixture and
refluxed for an additional 2 hours. The insoluble silver bromide was
filtered and washed repeatedly with ether. The combined ether washings
were distilled to give: Fraction 1, 1.4 g., b.p. 40-52' (23 mm.),25 2
nD 1.404) Fraction 2, 3.1 g., b.p. 52-650 (23 mm.), nB5 1.4120,

Fraction 3, 1.9 g., b.p. 65-70o (22 mm.), 25 1.4120, Fraction 4,

22.8 g., b.p. 70-720 (22 mm.), nB5 1.4158, d ° 0.958.

To Fraction 4, cooled to 00, was added 96% sulfuric acid (40 ml.,
precooled at 00) at such a rate that the temperature did not rise above
50. The solution was stirred for 15 minutes *t 00 and then pcured on

ice (150 g.) which was covered with petroleum ether (75 ml., b.p.
30-600). The ether extracts were combined, washed with water and dried

Over Drierite. The solvent was removed under reduced pressure. The
crude product was distilled to 2 ive l-nitrpentane (16 g.) b.p.
69-70° (19 mm.), n-U 1.4176, nD 1.41531 d.u 0.9561; lit., 32 b p.
172-3, . n 1.4218, d O 0.9475.

30. OXIDATIVE NITRATION OF 1-NITROPENTANE 1,-DINITROPENTA i .

(a) Preparation of 1 l-Dinitropentane l-Uitropentane (10.0 g.,
0.085 mole, b.p. 697oo (19 .,12 14153, d&O 0.9561) was dissolved

in methanol (60 ml.) and added to aqueous sodium hydroxide (3.6 g.,
97.9% assay, in 25 ml. of water) at 50, Sodium nitrite (6.2 g., 0.09

pQ mole, 97% assay) was added and the cold solution was poured rapidly
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into a stirred mixture of aqueous silver nitrate (36.6 g., 0.18 mole)," aqueous sodium~lhydroxide (5,1 drop), water (70 ml.) and other
(125 ml.) at 0-5 . After the precipitation of silver was complete,

the cooling bath wast removed and the mixture was allowed to stir
for 0.5 hours.. Saturated sodium chloride (5 ml.) was added and the

mixture was auction filtered; the residue from the filtration was

washed thoroughly with ethyl ether. The filtrate was separated and
the aqueous layer was washed with ether. The ether extracts were
combined ant~after benzene (20 ml.) had been added, were washed with
saturated sodium chloride and water and dried with Drierite. After
ether had been removed, the crude product was distilled under reduced
essue to giv cde 1,1-din~ropentane: Fraction 1, b.p. 62-646

(2remm.), 16 g., n21.4 d5,dh  1.1563, Fraction 2, b.p. 64-650

(2 m.), 8.7 g., n-5 1.4370, dj0 1.1584. Total yield (Fractions 1
and 2), 103 g., 74.7% theory.

6465(2 U.) 215 30 20Fraction 2 (8.78 g., b.p. 64-650(2 mm.), n5 1.4370, d4 1.1584)
was distilled under reduced pressure (in an atmosphere of nitrogen) to
give pure 1,1-dinitropentane, b.p. 53.5-54.504 0.8 rm.), 92u 1.4387

25 1.30 20
nB 1437i d 1.1584.

Anal. for C5H1 oN2 04 : Calcd. C, 37.03; H, 6.22; N, 17.28.
Found: C, 37.11, 37.13; H, 6.22, 6.08;

N, 17.38, 17.25.

TT^ Potassium 1,1-dinitropentane (6.87 g., 98.0% theory) was obtained
as a yellow salt by treating 1,l-dinitropentane (5.75 g., 0.035 mole,

b.p. 53.5-54.50 (0.9mm.), n 5 1.4370, no 1.4387, d 0 1.1584) in

methanol (10 ml.) with methanolic potassium hydroxide (20 ml., 10.0 g.)
and washing the filtered product several times with ethyl ether. The
product was recrystallized from hot water to give potassium
1,1-dinitropentane (6.41 g., 91.4% theory); dec. range, 185-2020.
The solubility of potassium 1,1-dinitropentane is 1 part in 36 parts of
water at 250.

Silver ll-dinitropentane (0.479 g., 91.4% theory) was obtained
as a water-insoluble yellow solid on mixing aqueous solutions of
potassium 1,1-dinitropentane (0.390 g.) and silver nitrate; dec.
range, 123-143o, deposition of a silver mirror. The following analyses
of silver 1,l-dinitropentane were obtained: (1) 0.1276 g. of silver
1,1-dinitropentane required 9.15 ml. of 0.05148 N ammonium thiocyanate;
% Ag 39.8%, (2) 0.1350 g. of silver ll-dinitropentane required
9.70 ml. of 0.05148 N ammonium thiocyanate; % Ag 39.9%. Theory, 40.1%.

(b) Purification of 1,1-Dinitropentane. Potassium dinitropentane
(5.25 g., 0,026 mole, recrystallized twice from hot water) was placed
in a one liter, three-necked flask equipped with a stirrer, a
thermometer and a condenser. The potassium salt was dissolved in 400 ml.
of water and cooled to 00. With stirringa solution of urea (5.1 g.,
0.085 mole, precooled to 00) which was dissolved in 30 g. of 20% aqueous

SECLJRF I ,F N T I A LS E C U TY t ORMAT!N



CfI/ t ,I I/-\i. 35.
acetic acid (O.10 mole acid) was added (by means of a medicine dropper)

t j over a period of 20 minutes. The two phase system thus produced was
extracted with petroleum ether (3 x 50 ml.) and the extracts vefe -,-

combined, dried over Drierite. After petroleum ether was distilled,
the crude dinitropentane was distilled under reduce hpressure (nitrogen
atmosphere) to give: 3.55 g., b.p. 63.50 (2 mm.), n9 1.4387,

45 1.4368, d °0 1.1584, M% (calcd) 36.79, M% (found) 36.66.

31. PREPARATION OF 3, -DIMES=-l-NITROBUTAIE.

Silver nitrite (54 g., 0.35 mole, freshly recrystallized from
hot water) was introduced into a . liter round-bottomed three-necked
flask fitted with a condenser, a stirrer, and a dropping funnel.
The flask was cooled to 00 and 1-bromo-3,3-dimethylbutane (58.4 g.,
0.35 mole, prepared by reaction of t-butyl bromide, ethylene, and
aluminum bromide at -30 to -50, b.p. 54-550 (40 mm.), nb 1.4420,
d 0 1.1592; lit., 19 b.p. 540 (40 mm.), 40 1.4440, d 0 1.1556) was

added dropwise in the course of 2 hours. Stirring at 00 was continued
for an additional 4 hours. The mixture was brought to room temperature
and left overnight while stirring. The mixture was then heated on a
steam-bath for 6 hours. Ethyl ether (50 ml.) was added and the mixture
was refluxed for an additional 2 hours. The insoluble silver bromide
was filtered and washed repeatedly with ether. The combined ether
washings were distilled to give: Fraction 1, 0.9 g., b.p. 45-600 (20 mm.),
n25 1.4209) Fraction 2, 11.9 g., b.p. 60-690 (20 mm), nE5 1.4212,

d° 0.9802, Fraction 3, 10.5 g., b.p. 69-70° (20 mm.),-D 1.4212,
d 0.9497.

Sulfuric acid (96%, 35 ml., precooled to 00) was added to

Fractions 2 and 3 (22.4 g., cooled to 00) at a rate such that the
temperature did not rise above 50. The solution was then stirred for
15 minutes at 00 and then poured on ice (200 g.) which was covered
with petroleum ether (75 ml., b.p. 30-600). The aqueous layer was
separated and extracted with fresh portions of petroleum ether. The
ether extracts were combined, washed with water and dried over Drierite.
The solvent was removed under reduced pressure and the residue was
distilled under reduced pressure to give crude 1-nitr .S,3-dimethyl-
butane: Fraction 1, 3.74 g., b.p. 67-68' (20 mm.), ni? 1.4198,

dj0 0.9551; Fraction 2, 6.71 g.p b.p. 68-690 (20 mm.), nJ5 1.4218,

d 4
0 0.9467.

32. PREPARATION OF 3,3-DIMETEYL-!.!-DINITROBUTANE.

3,3-Dimethyl-l-nitrobutane (10.45 g., 0.80mole) was dissolved
in methanol (100 ml.) and added to aaueous sodium hydroxide (3.6 g.,
97.9% assay in 25 ml. of water) at 5 . Sodium nitrite (6.2 g.,
0.09 mole, in 15 ml. of watero was added and the cold solution was
poured rapidly into a stirred mixture of aqueous silver nitrate
(30.6 g., 0.18 mole), aqueous sodium hydroxide (5%, 1 drop), water
(70 ml.) and ether (125 ml.) at 0750 . After the precipitation of
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silver was o"1ete, the coollbg bath wva tMbVa &d tA M Miture was
allowed to stir for 0.5 hours. Saturated sodium chloride (5 ml.) was
added and the mixture was stirred for 0.5 hour. Saturated sodium
chloride (5 ml.) was added and the mixture was filtered; the residue
from the filtration was washed thoroughly with ethyl ether. The
filtrate was separated and the aqueous layer was washed with ether.
The ether washings were combined, washed with saturated sodium chloride
solution, water and dried with Drierite. After ether was removed,
the crude product was distilled under reduced pressure (nitrogen
atmosphere) to give 3,3-dimhyl-l, l-di trobutane (6.10 g., 43.3%
yield), b.p. 77 (5 m.), D 1.4394, d 1.1190.

Potassium 3, 3-dimethyl-l,l-dinitrobutane (1.66 g., 95.5% theory)
was obtained as a yellow salt by treating 5,3-dimethyl-ll-dinitro-
butane (1.43 g., 0.0081 mole) in methanol (10 ml.) with methanolic
potassium-hydroxide and washing the filtered product several times
with ethyl ether; dec. range, 260-2730 after recrystallization from
hot water. The solubility of potassium 3,3-dimethyl-l,l-dinitrobutane
is 1 part in 15.3 parts of water at 320.

Silver 3,3-dimethyl-l,l-dinitrobutane (0,271 g., 97.8% theory)
was obtained as a water-insoluble orange solid on mixing aqueous
solutions of potassium 3,3-dimethyl-ll-dinitrobutane (0.268 g.,
0,00098 mole) and silver nitrate; dec. range, 160-1770, deposition of
a silver mirror.

Purification of 5,3-dimethyl-l 1-dinitrobutane. Potassium
3,3-dimethyl-ll-dinitrobutane (4.27 g., 0.0201 mole, recrystallized
twice from hot water) was placed in a 500 ml., round-bottomed, three-
necked flask equipped with a stirrer, a thermometer and a condenser.
The potassium salt was dissolved in water (250 ml.) and cooled to 0 .

Wbile stirring, a solution of urea (5.1 g., 0.085 mole, precooled to
00) in 20% aqueous acetic acid (30 g, 0.10 mole acid) was added (by
means of a medicine dropper) over a period of 20 minutes. The two
phase system thus produced was extracted with petroleum ether
(3 x 50 ml.) and the extracts were combined and dried over..D erjte.
After petroleum ether was distilled, the residue was distilled under
reduced pressure to give pure 3,3-methyl-ll-dinitrobutane: 2.75 g.,b.p. 78-79o (5 mm.), 0 1.98 1.1185, (calcd,)

MED (found) 41.24. Analysis of the product is in progress.

33. PREPARATION OF 1,1-DINITEOPROPANE.

l-Nitropropane (Commercial Solvents Corporation) was rectified in
large quantities through an efficient column at constant boiling
point (129.80 (atme. press.)); a final constant boiling fraction was
taken and used for the preparation of pure 1,1-dinitropropane.

1,1-Dinitropropane was prepared in 80 per cent yield (10.2 g.)
by oxidative-nitration of 1-nitropropane (8.9 g., 0.1 mole) and
sodium nitrite (7.5 g., 97% assay) in sodium hydroxide (4.2 g.,

0 97.9% assay, 1.05 mole in 45 ml.) with aqueous silver nitrate
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(34.0 g., 0.2 mole in 100 ml.), aqueous sodium hydroxide (5%, one drop),
and diethyl ether (150 ml.) at 0-5'. Distillation of the product gave
colorless 1,1-dinitropropane (10.32 g., 80%), b.p. 52-540 (3 M.),
20

nD 1.4331. Redistillation of the crude product gave pure 1,1-dinitro-
propane in the following fractions: (1) b.p. 56-590 (4 am.), 1.45 g.,

nu 1.4323; (2) 59.0-59.20 (4 im.), 5.23 g., nB0 1.4335, and (3)

59.2-59.80 (4,mmg), 2.89 g., ,0 14333. Fraction 2 was used for titration,
determination of neutralizatio equivalent, and for ultraviolet spectral
analysis (max 1: my 383, logE, 4.19; min: m/.1 303, log min. 2.86;
max 2: mp 227, log E2 3.80).

34. REACTION OF l-IODO-2-METHTRLPOPANE AND SILVER NITRITE; 1-NITRO-2-

METHYLPEOPANE.

l-Iodo-2-methylpropane. Iodine (330 g., 1.3 moles) was added in
one hour to a stirred mixture of red phsophorus (36.2 g., 1.17 moles)
and isobutyl alcohol (120 g., 1.6 moles, b.p. 106.5-107.00 (atm.press.))
at 00. The mixture was stirred at room temperature overnight and then

refluxed for 20 minutes. The mixture was cooled; water (500 ml.) was
added and the mixture was filtered. The organic layer was separated
and washed successively with: cold water (3 times), cold conc. sulfuric
acid, water (2 times), sodium thiosulfate solution, cold water, and
saturated sodium chloride solution. The product was dried with Drierite
and distilled to give l-iodo-2-methylpropane: (1) 5.35 g., b.p. 114-1160

(atm. press.), n25 1.4931; (2) 123 g., b.p. 116-119 (atm. press.),

n5 1.4932; (3) 55.5 g., b.p. 92-930 (red. press), nD 1.4938. Yield

62%, calculated from iaibutanol.

2-Methyl-l-nitroproapae. l-Iodo-2-methylpropane (Fraction 2,
46 g 0.25 mole) was added slowly to stirred silver nitrate (46.2 g.,
0.3 mole) at 0 . The mixture was allowed to warm to room temperature and
was then stirred for 24 hours. The mixture was heated for two hours
on a steam bath$ then cooled, and ether was added. The ether solution
was filtered, concentrated, and then distilled under nitrogen to give
the following fractions: (1) 1.32 g., b~p. 26-360 (24 mm.), nJ5 1.3995;

(2) 6.45 g., b.p. 36-44o (24 mm.), n25 1.4022, (3) 2.14 g., b.p,

40.5-42.0o (17 mm.), r5 1.4041, (4) 8.02 g., b.p. 34.0-37.00 (11 =4
n2 5 1.4045, (5) 0.70 g., b.p. 40-60o (1 mm.), n 5 1.4421. Crude yield

of 2.mathyl-l-nitropropane, 70%.

Crude 2-methyl-l-nitropropane (Fractions 2, 3, and 4, 16.61 g.,
0.161 moles) was cooled in an ice-salt mixture and then added to stirred
cold conc. sulfuric acid cooled by ice-salt. The stirred solution was
kept below 00 for 15 minutes and then poured into a mixture of ice and
petroleum ether. After the mixture had been stirred thoroughly, the two
layers were separated; the aqueous layer was extracted several times
with petroleum ether. The extracts were combined, washed twice with
water, dried over Drierite, and distilled to give 2-methyl-l-nitro2proDane:
(1) 1.08 g., b.p. 51.0_52.5o (28 mm.), 5 1.4072,-and (2) 5.45 g.,

b.p. 52.0-52.5o (28 mm.), 25 1.(072, d20 0.964. The yield of pure
20

2-methyl-l-nitropropane is 25%, based on l-iodo-2-methylpropane.
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lpl-Dinitro-2-methylpropene was prepared in 70% yield by oxidative-
nitration of 2-methyl-l-nitropropane (5.2 g., 0.05 mole) and sodium
nitrite (3.8 g., 0.055 mole, 97% assay) in sodium hydroxide solution
(2.1 g., 97.9% assayp 23 ml. of water and 5 ml. of mthanol) with aqueous
silver nitrate (17 g., 0.10 mole, 50 ml. of water) and ethyl ether at 0,,
Upon isolation of the reaction product in the usual manner, it was
distilled under nitrogen to give the following fractions: (1) 1.31 g.,
b.p. 71-720 (6 13.), o 1 44; (2) 3.50 g., b.p. 720 (6 mm.),
40 1.14352; (3) 0.25 g., b.p. 71-72o (6 mm.), no 1.4352.

Fraction 2 was redistilled under nitrogen to giv 0pure 1,1-dinitro-
2-methylpropane (2.93 g.), b.p. 54.4-55.00 (4 mm.), 9 1.4353. This
pure product was used for titration, ionization constant and ultra-violet
studies (max 1: mp 385, log6 , 4.03; min: mij 303, logI min 2.90;
max 2, m p 231.5, log 6 2 3.86.

36. DECARBOXYIATION OF POTASSIUM ACID ACETYIE2 ICAMOXYIATEo

PROPIOLIC ACID.

Potassium acid acetylenedicarboxylate (622 g., 4.1 moles) was
dissolved in the minimum amount of hot water. The mixture was heated
for one hour on a water bath, refluxed for another hour, and then cooled.
Ammonium sulfate (500 g.) was added and the mixture was made strongly
acidic with sulfuric acid. The mixture was continuously extracted
with diethyl ether, with rapid stirring, for several days. The ether
extract was dried over calcium chloride, and after removal of the
diethyl ether, was distilled under reduced pressure to give propiolic
acid (91 g., 32% yield), b.p. 83-840 (50 mm.),l 0 1.4311; lit.21 1.4302.

37. PREPARATION OF METHYL PROPIOLATE.

Sulphuric acid (22.8 g., 0.23 mole) was added slowly with stirring
to an ice cold solution of propiolic acid (76.0 g., 1.08 mole) in
methanol (160 ml.). After standing at room temperature for two days
(longer periods do not increase the yield), the mixture was poured into
ice water and extracted with ether. The combined extracts were washed
with sodium bicarbonate solution (10%) and dried over calcium chloride.
After the ether was removed, the product (0.61 mole, 60% yield) was
distilled at atmospheric pressure to give methyl propiolate (51.1 g.,0.61 mole, 60% yield), b.p. 101-1020 7 20 1 n 4

2001,03
M~b (cale.) 2032o, MRO (found) 20.56; lit.,20 b.p. 10o2 (742 mm.),
n1 111.4085, d (not reported).

38. PREPARATION OF MTH 4-4im-4-NITRO-2-PEOTENOATE.

Sodium methoxide solution (1.0 g. in 41 ml. of methanol) was added
to a cold, stirred solution of methyl propiolate (10.0 g. 0.12 mole),
2-nitropropane (20.0 g., 0.22 mole), and methanol (20 ml.). The stirred(} 0 N t i) E I t /-\ LSE Q U FIT . IN FOK 0 !/V\,A T IO N
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solution was allowed to warm slowly to room temperature. After four
hours., the mixture was poured into ice water, acidified with sulfuric
acid, and extracted with ethyl ether. The combined extracts were dried
over sodium sulfate and the ether was removed by vacuum distillation.
The resultant residue was distilled under reduced pressure 8o give the
following fractions: (1) 0.48 g., b.p. 9o-96

° (3.5 nm.), 92 1.4680;

(2) 0.63 g., b.p. 96-99o (3.5 m.), n0 1.4615; (3) 8.54 g., b.p. 99-100o

(3.5 m.), 2O 1.4621, do 1.1433; (4) 1.51 g., b.p. l00-O1
(4.0 mm.), n 1.4621. The infrar-red spectrum of fraction 3 indicated
the presence~of ester, conjugated double bond, and nitro groups
(6 .4 1p ). The yield of methyl 4-methyl-4-nitro-2-pentenoate (fractions 2,
3 and 4) was 55.4%.

Anal. Calcd. for CH7 11NO4 : C, 48.54; H, 6.40; N, 8.09.
Found: C, 48.60, 48.68; H, 6.64, 6.52;

N, 8.02, 8.05.

39. BASE-CATALYZED REACTION OF 1,l-DINITBOETRANE AND M L PROPIOIATE

Triton B (7 ml. of a 35% solution in methanol) was added slowly to
a cold, well-stirred solution of methyl propiolate (5.0 g., 0.06 mole)
and 1,1-dinitroethane (8.4 g, 0.07 mole) in methanol (20 ml.) (Premature
removal of the reaction mixture may result in a fume-off). After having
been stirred for six hours at room temperature, the mixture was poured
into ice water and acidified with sulphuric acid. The mixture was
extracted with ether several times; the combined ether extracts were
then washed with sodium bicarbonate solution and dried over sodium
sulphate.

After removal of the ether at reduced pressure, an attempt was
made to vacuum distill (0.5 to 4 mm.) the residual oil. In every
instance this resulted in a fume-off with copious evolution of oxides of
nitrogen. The crude reaction product was then dissolved in ether and
washed with sodium bicarbonate solution to remove acidic decomposition
products. A second distillation resulted in considerable purification
of the reaction product, presumably methyl 4,4-dinitro-3.ipentanoate;
however, decomposition of the volatile product was still extensive: ()
1.1g., b.p. 87-970 (1.3-3.7 mm.), (2) 5.3 g., b.p. 97-1000 (2.0-3.7 mm.),
20 20

nD 1.4728, and (3) 0.74 g., b.p. 100-1010 ( 2 mm.), nD 1.4735. Final
identifications of fractions 2 and 3 are now in progress.

40. REACTION OF METHYL MAGNESILM IODIDE AND 2-METHYL-l-NITROPEOPENE
2,2-DIMEM -- NITBOPROPANE An 1,4-DiiTTIoT-2,2,3, 3-TLPTAMTHYL.

BUTANE.

2-Methyl-l(2itropropene (15.2 g.6 0.15 mole) in ethyl ether
(25 ml.) was added in 105 minutes at -65 to methyl magnesium iodide
(33.3 g., 0.20 mole, 1.87 N in ether) and ethyl ether (250 ml.) in a
one liter, three-necked flask equipped with a thermometer, a drying tube,
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a stirrer, aid a dropping funnel. Formation of a complex occurred upon
addition of each drop of 2-methyl-l-nitropropene. After addition was
completed, the mixture was stirred for 1 hour at -700, for 1.5 hours at
-70 to -600 and for 1 hour at -60 to -150 . The mixture was then
acidified below -10° with aqueous acetic acid (20 ml. of glacial acetic
acid in 100 ml. of water)j acidification required 30 minutes. The
aqueous layer was separated and extracted with ether (100 ml.). The
ether ayers were combined and washed with saturated sodium bicarbonate
solution (2 x 200 ml.), saturated sodium bisulfite solution (2 x 200 ml.)
and saturated sodium chloride solution, and then dried over anhydrous
sodium sulfate. The ether was evaporated from the mixture on a steam
bath; a white solid (A) crystallized. The solid was filtered and washed
with ethyl ether. The filtrate was distilled to give 2,2-dimethyl-l-
nitropropane (6.13 g., 0.05g4 mole, 34.9% theory) as a colorless liquid,
b.p. 75-770 (63-64 mm.), nu 1.4165. The residue from the distillation

solidified and was recrystallized once from ethanol to give crude 2,2,3,3-
tetramethyl.l,4-dinitrobutane (0.20 g., 0.00098 mole, 1.13%), m.p. 135-1370.

The initial precipitate (A) was recrystallized from hot ethanol as
white crystals, m.p. 238-2390; the solid is insoluble in water and the
usual organic solvents. Infrared data indicate, the absence of nitro
groups. Anal. (found) C,' 51.91, 52.00; H, 7.66, 7.74; N, 14.52, 1442.
Identification of this product is now in progress.

41. REACTiON OF 4-NITROBUTAJOIC ACID WITH PHOSPHORUS TRICHLORIDEj
4-NITROBUTPPOYL CHLORIDE,

Distillation of a reaction mixture of 4-nitrobutanoic acid
(4 g., 0.03 mole ) and phosphor trichloride ( 7 ml., 11 g., 0.08 mole)
at reduced pressure gave 4-nitrobutanoyl chloride (3.9 g 0.0258 mole)
as a light yellow liquid in 86 yield; b.p. 69-70° (2 mms.. The
4-nitrobutanoyl chloride was used in the preparation of 4-nitrobutyr-
aldehyde by selective-reduction with sodium trimethoxyborohydride.

42. REDUCTION OF 4-NITOBTAIOYL CELOBIDEI 4-NITROBPANAL.

A mixture of sodium trimethoxyborobydride (3.2 g., 0.0251 mole)
and tetrahydrofuran ( 30 ml.) was added dropwise to a solution of
4-nitrobutanoyl chloride (3.9 g., 0.058mole) in tetrahydrofuran ( 30 ml.)
at -40 , The temperature was maintained from -40 to -300 for 20 minutes,
and the mixture was then allowed to warm to room temperature. After
hydrochloric acid ( 25 ml., 3 N) had been added, the mixture was
extracted with ethyl ether. The ether extract was washed with saturated
sodium carbonate solution and then treated with excess 2,4-dinitro-
phenylhydrazine reagent. The reaction product was recrystallized from
ethanol-water to give 4-nitrobutanal 2,4-dinitrophenylhydrazone
(2.1, 0.0g91 mole, two crops) in 36% yield, m.p. 135 360;

.TNF TT IAL
SECRITY INFOR MATIN



C CONFIDENI-IAL
S FC UI- I J'Y I N F0 RMAAA TI I"

1. See previous quarterly reports of O.S.U.R.F. Proj. 396.

2. O.S.U.R.F. Proj. 396, Report No. 6, October 1, 1951.

3. Helmkamp, Tanghe, and Plati, J. Am. Chem. Soc., 62, 3215 (1940).

4. Meisenheimer and Schwarz, Ber., 9, 2543 (1906).

5. ter Meer, Ann., 181, 15 (1876).

6. Hantzsch and Rinckenberger, Ber., 2, 628 (1899); observations of
This Laboratory.

7. Reich, Rose and Wilson, J. Chem. Soc., 1947, 1234.

8. Personal communication from Rohm and Haas group, Redstone Arsenal,
Huntsville, Alabama.

9. Steinkopf, Ber., 42, 3924 (1909); Ann., j__, 21 (1923).

10. Thurston and Shriner, J. Org. Chem., 2, 183 (1937); Shriner and
Brown; ibid., 2, 560 (1938); Weisler and Helmkamp, J. Am. Chem.
Soc., 67. 1167 (1945); Hess and Bender, ibid. 71, 1767, 3482 (1949);
Hass, Berry and Bender, ibid., 71, 2290 (1949).-

11. Duden, Ber., 26, 3003 (1893).

12. Nef, Ann., 280, 263 (1894).

13. Shechter, Ley and Zeldin, J. Am. Chem. Soc., 74, 3664 (1952).

14. Aerojet Engineering Corp., Report No. 540, September 19, 1951.

15. O.S.U.RF. Proj. 396, Report No. 7, February 15, 1952.

16, Purdue University, private communication from H. Feuer.

17. Brown, H. C., Purdue University, private communication, October, 1951.

18. Nef, Ann,, 28 263 (1894)) Hass and Riley, Chem. Rev., 22
No. 3 (1934),

19, Schmerling, J. Am. Chem. Soc.p §7, 1152 (1945).

20. Ingold, J. Chem. Soc., I 1199 (1925)

tEC R' TY. NI-IRA
S)ECUR ITY INFORMATfION



CONFIDENTIAL
SECURITY INFORMATION 4.,

21. Perkin and Simonsen, ibid., 91, 834 (1907).

22. "Organic Syntheses", John Wiley and Sons, Inc., New York, N.Y.
Coil. Vol. II, 177 (1943).

23. "Organic Syntheses", ibid., Vol. II, 10 (1943).

24. Lossen and Mieran, Ann., 265, 169 (1891).

25. Thiele, ibid., 272) 133 (1893).

26. Fischer, Ber., 14, 2525 (1881).

27. Shechter and Zeldin, J. Am. Chem. Soc., 73, 1276 (1951).

28. Eass, Hodge and Vanderbilt, Ind. Eng. Chem., 28, 339 (1936).

29. Kornblum and Graham, J. Am. Chem. Soc., 7, 4041 (1951).

30. Mousset, Bull. Acad. roy. Belg., 622-56 (1901); Chem. Zentr., I,
399 (1902).

31. Zelinsky, Ber., 41, 2678 (1908).

32. Henry, Rec. tray. Chim., 24, 352 (1905).

NOTE: In submitting this report is is understood that all
provisions of the contract between the Foundation and the
Cooperator and pertaining to publicity of subject matter
will be rigidly observed.

Investigator 5 1 Z.-,,J Lq, i ,,, _ , , Date.,.I'A-'1 /'

Supervisor ate - _ ate-- .

FOR THE OHIO STATE UNIVESTY RESEARCH FOUNDATION

Executive Director 2-: " /i,(,4 1"-T Date /

C NFIDENrIAL
SECURITY INF(O.RMATION



C ON F I DF N T Af\L
SECURITY INFOC.MATI()N

DISTRIBUTION LIST
Contract No, N6onr 22524

Address Copies Address Copies

Commanding General 2 Commanding General 1
Aberdeen Proving Ground Wright-Patterson Air Force Base
Maryland Dayton, Ohio
Attn: Ballistic tesearch Labs.Attn: 11CNEI'-3

ORDBG-BLI
Aerojet Engineering Corp 2

Dept. of the Army 2 P.O. Box 296
Office, Chief of Ordnance Azusa, California
Washington 25, D. C. Attn: Dr. A. L. Antonio
Attn: OR!TU

Allegany Ballistics Laboratoryl
Dept. of the Army 2 '.O. Box 210
Office, Chief of Ordnance Cumberland, Maryland
Washington, 25, D. C. Attn: Dr. L. G. Bonner
Attn: ORDTX-AR

Armour Research Foundation of 1
Officer in Charge 3 Illinois Institute of Technology

" Office, Ordnance Research Technology Center
2127 Myrtle Drive Chicago 16, Illinois
Duke University Attn: Dr. L. V. Griffis
Durham, North Carolina

U. S. Bureau of Mines 2
Commanding Officer 2 4800 Forbes Street
Picatinny Arsenal iittsburgh 13, Pa.
Dover, W11ew Jersey Attn: Dr. Bernard Lewis
Attn: Library

Catholic University of America 1
Commanding Officer 2 7th St. and Michigan Ave. N.E.
Redstone Arsenal Washington 17, D. C.
Huntsville, Alab Lima Attn: Dr, F. 0. Rice
Attn: ORC Technical Library

E.I. du Pont de Nemours and Co. 1
Dept. of the Air Force 1 10th and Markets Streets
Hq. USAF, DCS/D Wilmington, Delaware
Washington 25, D. C. Attn: W. F. Jackson
Attn: AFDRD-AC-3

Col. Paul F. Nay Dr. A. M. Ball 1
' Hercules Bxperiment Station

Commanding General 1 Wilmington, Delaware
Wright-Patterson Air For Base
Dayton, Ohio Jet Propulsion Laboratory 2
Attn: WCEGH-2 4800 Oak Grove Drive

Pasadena 3, California

CON _ E Nt7A U
SECURITY INFORMATION



C(N F1N F IAL
SECURITY F F-, M AT I N

Contract No. N6onr 22524
Address Copies Address Copies

The M.W. Kellogg Company 1 Purdue University 1

Ft. of Danforth Avenue Dept. of Chemistry
Jersey City, New Jersey Lafayette, Indiana
Attn: Samuel Baig Attn: Dr. Henry Feuer

Special Projects Dept.
Rohm and Haas Company 1

Arthur D. Little, Inc. 1 5000 Richmond Street

30 Memorial Drive Philadelphia 37, Pa.

Cambridge 42, Mass. Attn: Dr. J.F. Kincaid

Attn: Dr. C.S. Keevil
Rohm and Haas Company 1

Arthur D. Little, Inc. 1 Redstone Arsenal Research Div.

30 Memorial Drive Huntsville, Alabama

Cambridge 42, Mass. Attn: Dr. Clayton Huggett

Attn: Dr. W.C. Lothrop
Solid Propellant InformationThe Glenn L. Martin Co. 1 Agency 5

Baltimore 3, Maryland Applied Physics Laboratory

Attn: Mr. S.P. Gualillo The Johns Hopkins University
Silver Spring, Maryland

Midwest Research Institute 1 Attn: Mr. Ross H. Petty

4049 pennsylvania
Kansas City, Missouri Standard Oil Company 1

Attn: W. Sherman Gillam Research Department
P.O. Box 431

University of Minnesota 1 Whiting, Indiana
Oak Street Laboratories Attn: Dr. W.H. Bahlke

2013 University Ave.
Minneapolis, Minnesota Thiokol Corporation

Attn- Prof. B.L. Crawford,Jr. Redstone Arsenal
Huntsville, Alabama

National Fireworks Ordnance Attn: Mr. W.R. Ignatius
Corp. 1

West Hanover, Mass. Thiokol Corporation

Attn: Mr. S.J. Porter 780 N. Clinton Ave.

Trenton 7, New Jersey
Phillips Petroleum Company 1 Attn: Mr. H.R. Ferguson

Bartlesville, Okla.
Attn: Mr. J.P. Alden Thiokol Corporation

Research and Development Dept.

Project Squid 1 780 No Clinton Ave.

Princeton University Trenton 7, New Jersey

Princeton, New Jersey Attnt Mr. EM. Fettes

Attn: Librarian CNFIDENTIAL

SECURI-Y INFORMATION



,,_ (i C N FIDE[iN i-I A l...
-SE(-UkITY INF01"MA]IL N

Page 3

Contract No. N6onr 22524
Address Copies Address Copies

Uq S. Rubber Company 1 Comanding Officer 2
General Laboratories U3,. Naval Powder Factory
Market and South Streets Indian Head, Maryland
Passaic, New Jersey Attn: Research and Development Dept.
Attn: Dr. P.O. Tawney

Commander 1
Western Cartridge Company 1 U.S. Naval Proving Ground
East Alton, Illinois Dahlgren, Virginia
Attn: Mr. R.L. Womer Attn: M.I. Division

British Joint Services Commander 1
Mission 4 US. Naval Ordnance Laboratory

Technical Services White Oak
1800 K Street N.W* Silver Spring, Maryland
Washington, D6C. Attn: Library
Attn: Dr. L. Phillips

Commander 3
Dept. of the Navy 1 U.S. Naval Ordnance Test Station
Bureau of Aeronautics Inyokern, China Lake, Calif.
Washington 25, D.C. Attn: Technical Library Branch
Attn: SI-5

Dept. of the Navy
Dept. of the Navy 1 Office of Naval Research
Bureau of Ordnance Washington 25, D.C.
Washington 25, D.C. Attn: Code 429
Attn: Ad3, Technical Library

Commanding Officer
Dept. of the Navy 1 Office of Naval Research
Bureau of Ordnance Branch Office
Washington 25, D.C. 844 North Rush Street
Attn: Section Re2d Chicago ll, Illinois

Attn: LTJG. M.C. Laug
Commander 2
U.S. Naval Air Missile Commanding Officer 1

Test Center Office of Naval Research
Point Mugu, California 1030 E. Green Street
Attn: Technical Library Pasadena 1, California

Commanding Officer 1 Dr. E.R. Buchman
U.S. Naval Air Rocket California Institute of Technology

Test Station Pasadena, California
Lake Denmark
Dover, New Jersey
Attn: Technical Library

CONFIDENTIAL
CSE U R TI Y INFORMATION



CCtNFIDEN'TIAL.
SECURI -Y INFO9R\MATION

Page 4
Contract No. N6onr 22524

Address Copies Address Copies

Bureau of Aeronautics Rep6 1 Chiefs Bureau of Aeronautics 2
15 South Raymond Ave. Department of the Navy
Pasadena 1, California Washington 25, D.C,

Attn: TD-4
Evans Research and Develop-

ment Corporation 1 Dr. Elizabeth F. Riley
250 East 43rd St. Dept. of Chemistry
New York 17, N.Y. Ohio State University
Attn: Dr. E.J.Hewitt Colmnbus 10, Ohio

Commerical Solvents Corp. 1 Prof. M.L. Wolfrom 1
Terre Haute, Indiana Dept. of Chemistry
Attn: Dr. Jerome Martin Ohio State University

Columbus 10, Ohio
Ethyl. Corporation 1
1600 West Eight Mile Road
Fernadale 20, Detroit, Mich.
Attn: Dr. Roy Sugimoto

Commander 1
Naval Ordnance Laboratory
White Oak, Silver Spring, Md.
Attn: D.V. Sickman

Hercules Experiment Station 1
Hercules Powder Company
Wilmington 99, Delaware
Attn: R.W. Lawrence

Dr. John Farago 1
Department of Chemistry
George Washington University
Washington, D.C.

Dr. N. L. jrake 1
Department of Chemistry
University of Maryland
College Park, Maryland

Naugatuck Chemical 1
Naugatuck, Connecticut
Attn: Mr. F.J. Foster

) Department of the Navy 1
Bureau of Ordnance
Washing-ton 2 ) D.C, C NFINTA
Attnt- Re2cs T.L, BrownyardL

SEC URITY INFO-RMATION


